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1.0 INTRODUCTION
Since their formation some ten thousand years ago the Great Lakes, as they are known today,
their connecting channels and drainage basins have continued to function as a natural dynamic
system; reacting to changes in weather, climate, shoreline configuration and tectonic crustal
movement. These geologic processes will continue.
Throughout the period of the lakes’ development, wind, waves and fluctuating water levels
have joined to erode the shorelines and nearshore areas, building up sandspits and offshore bars,
and transporting very fine sediments even to the central deeps of the lakes. Surface and
subsurface drainage bring to the lakes quantities of soil, decaying vegetation, dissolved minerals
and other natural wastes. Natural climatic variations have resulted in changing of mass water
temperatures over prolonged periods and consequently influenced all forms of aquatic life.
Prior to European settlement of the Great Lakes basin, man’s influence on the lakes was
inconsequential. The aboriginal population was relatively sparse and their lifestyle was one of





















farming, significantly altering their runoff characteristics. The increased intensity of flooding
along streams and rivers resulted in movement of greater quantities of sediment into the lakes,
while farm wastes contributed new ingredients to the discharges. As farming established itself
around the Lower Lakes, it was accompanied by the growth of towns and industries which tended
to situate along the lakeshores and tributary streams. These, in turn, added their wastes to the
growing efflux entering the lakes. During the 19th century industrial development spread to all
parts of the Basin, attracted by the increasing population and the availability of natural
resources.



















































































































































































and the construction of canals and locks was begun. Completion of the Erie Canal in 1825
heralded a period of rapid construction which was to see a canal and locks bypassing Niagara
Falls by 1829, a series of works connecting Lake Ontario to Montreal by 1848, and a canal and
locks at Sault Ste. Marie by 1855. By 1861, forty ships a year were sailing into Lake Superior from
Europe.
The continuing high demand for cheap waterborne transportation of bqu commodities such
as wheat, iron ore, coal and forest products and the advances in shipbuilding technology led to
the enlargement and upgrading of these navigation facilities as well as modifications of natural
channels in the connecting waterways to allow more rapid and safe passage of larger vessels. The
concentration of much of the US. and Canadian steel industry in the Great Lakes basin provided
an additional impetus to the upgrading of channel facilities. Following development of the iron ore
potential of Eastern Quebec and Labrador the necessity for an economic transportation route to
the steel mills was a significant motivating factor in the decision to construct the St. Lawrence
Seaway which was completed in 1958.
As navigation channels in the connecting rivers were dredged deeper and wider, flow
velocities were reduced encouraging deposition of sediments. During the past 70 years the levels
of Lake Michigan and Huron have beenlowered as a result of dredging both for materials recovery
and for navigational improvement. lt was reported by the Joint Board of Engineers in 1926 that
a lowering of about 9 cm had resulted from commercial dredging of gravels from the St. Clair River
in the vicinity of Point Edwards, Ontario between 1908 and 1925. The materials dredged in
deepening the channel for navigation purposes were, in large part, deposited within the river at
locations where they would not impede navigation but would offset in some degree the effects of
channel enlargements. The uncompensated lowering of Lake Michigan, through dredging for a
25-foot (7.6 m) channel prior to 1933 and for the 27-foot (8.2 m) channel project completed in
1962, is estimated to be about 15 cm. Similarly, the effect on Lake St. Clair was somewhat more
than 2.5 cm.T
Ports were developed either as transshipment points for bulk cargoes originating in or
destined for hinterland areas, or to serve particular industries such as fishing, shipbuilding,
mining, as well as facilities such as saw mills, steel mills and pulp and paper plants. The natural
harbours in bays and at river mouths were improved by the construction of wharves and
breakwaters and enlarged by the dredging of basins and approach channels. The configurations
evolved at many harbours created settling basins which trap the ever-increasing solids load being
carried to them by the influent rivers. The approach channels dredged to harbours also entrap
sediments transported by littoral drift as do the jetties and breakwaters which interrupt these
alongshore currents resulting in accretion on their updrift sides whilst increasing erosion in the
lees. The deposition of sediments and other deleterious matter in harbours and approach
channels has necessitated a regular dredging program to maintain navigable depths for today’s
marine fleet.
1t
Regulations of the Great Lakes Water Levels, Report to the |.J.C. by the International Great Lakes Levels Board,
December, 1973.
 Until recently, very little consideration was given to the quality of the material being dredged
and no special efforts were made to control the dispersal of such material either during the
dredging or disposal operations. However, mounting concern has developed over the increasing
pollution of the Great Lakes from all sources and of the possibility of irreversible harm being done.
The role of dredging activities in creating or aggravating environmental problems must be better
understood in order to determine what improvements can and should be made to minimize
harmful effects. It is these problems that are primarily addressed in this report.
1.1 AUTHORITY AND SCOPE
On April 15, 1972, the President of the United States and the Prime Minister of Canada
signed the, “Agreement between Canada and the United States of America on Great Lakes Water
Quality.” On November 15, 1972, on the advice of the IJC, the International Working Group on
the Abatement and Control of Pollution from Dredging Activities was established in compliance
with Article V, Section (f) of the Agreementi
The Working Group was charged with undertaking a review of existing dredging practices,
programs, laws and regulations with the objective of developing compatible criteria for the
characterization of polluted dredged material and recommendations for compatible programs
governing the disposal of dredged material in open water.
1.2 ORGANIZATION OF THE WORKING GROUP
On November 15, 1972, the International Joint Commission established
the Working Group.
The Group held its first meeting on December 13, 1972. Subsequent meetings were
held, as often as necessary, alternating between locations in the
United States and Canada.
The members, representing navigational, environmental,
and fish and wildlife interests, as of March 31, 1975, were:
Appendix A contains pertinent excerpts from the Agreement.
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During the course of the Working Group’s study, Mr. Brezner replaced Mr. Edwin L. Vopelak,
also of the New York State Department of Environmental Conservation, and Mr. S.E. Salbach












Head, Marine Equipment and
Environmental Protection Section
Department of Public Works
1.3 AREAS OF INTEREST
The Working Group has been concerned primarily with developing findings, conclusions, and











The beneficial and deleterious effects of dredging activities on
the environment;
Current and past dredging practices;
Agencies and their responsibilities;
Methods of dredging and related activities;
Socio—economic considerations of dredging;
Existing legislation and regulations concerning
dredging activities;
Research and exploratory studies being conducted in
both countries;
Short— and long—term environmental objectives and their
economic impact;
Areas of possible improvement in dredging technology and
practices; and
The development of improved guidelines, legislation, regulations
















































































































































































































































as a consequence of introductions of pollutants from other sources.















































































oligotrophic fish species, which were once widely distributed throughout the Lakes, as well as
succession changes in the planktonic and benthic populations evidence the impact of cultural



























































which prevailed prior to settlement.
There is evidence from laboratory studies that the levels of toxicants and oxygen demands,





















instability in the biomass. The occurrences of blue-green algal blooms in Lake Erie, as well as parts
of Lakes Ontario and Michigan, have been related to high levels of nutrient supply, particularly
phosphates, being added to the waters. Fish and wildlife studies have demonstrated their capacity





















 pollutants that contamination of sediment accumulations at the mouths of rivers and
drainageways is likely to continue, despite efforts being made to reduce such sources through
improved management practices.
The criteria currently being applied by the U.S. Environmental Protection Agency and the
Ontario Ministry of Environment for the categorization of pollutants in dredged materials provide
somewhat limited indications of potential hazards. The selected parameter values, as determined
by traditional laboratory processes, provide only information on the total concentration of various
substances. No satisfactory correlations have been established between such total concentration
values and the levels of their availability under natural environmental processes. Geochemical and
biochemical reactions differ under oxic and anoxic conditions; many reactions are
interdependent, some synergistic. There is, moreover, a wide range in the natural background
levels of various chemical constituents from one location to another within lakes and between
lakes, which, particularly in the littoral zone, exhibit seasonal variations.
It is the conclusion of the Working Group that there are no single parameter values which
could be adopted as universal criteria applicable throughout the Great Lakes. Thus, it is
recommended that environmental protection will be more meaningfully achieved through a
sitespecific assessment of the hazards and potential benefits of each project within its particular
environment. The basic criteria for all dredging activities should be the preservation of designated
water uses, including viable aquatic and terrestrial ecosystems, and the optimization of net
socio-economic benefits to society. ln project evaluation, a selection of indicator parameters
should be made from baseline information of water and sediment quality and known sources of
potential contaminants. in the evaluation of hazards, bioassays and other tests which more
closely relate to the availability of contaminants to the ecosystem should be adopted. Attention
must also be given to the design of sampling programs, and test procedures to ensure that they
adequately assess the actual conditions.
Many of the potentially adverse impacts from disposal operations could be avoided through
enlarging the scope of dredging projects to encompass activities for the beneficial use of dredged
materials. Much of the material dredged from the Great Lakes and connecting channels is not so
heavily contaminated as to require deposition in special containment sites. Indeed, the high cost
of confined disposal provides an incentive for finding alternative uses for the dredged material.
Multipurpose design of dredging projects can take advantage of opportunities to create facilities
and amenities which will avoid the more‘serious environmental impacts likely to arise from
open-water disposal and at the same time provide supplemental benefits which will offset the
added costs of dredging under environmental constraint.
The existing legislation and regulations concerning dredging activities as well as the agency
responsibilities and administrative procedures with respect to the assessment and design of
dredging projects have been reviewed in some detail. It is concluded that there are adequate laws
to ensure that dredging activities are carried out in compliance with requirements for
environmental protection. The Working Group considers that the introduction of the
recommended guidelines should be accomplished by administrative action to allow some






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 focus for encouraging the exchange of information from continuing research activities and
accumulated experience and to recommend changes in criteria and guidelines as may be















































































































































































































































































































































































































































































































































































































































































































































































in legislation is contemplated.
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2.1 U.S. AGENCIES
In addition to the Corps of Engineers and the Environmental Protection Agency, the
Fish and Wildlife Service of the Department of the Interior and the National Marine Fishery Service
and National Oceanic Survey of the U.S. Department of Commerce co-operate at the Federal level
in investigatory and surveillance activities relating to the protection of aquatic ecosystems. Each
state exercises proprietary and public trust rights over submersible and submerged lands. in
addition the several states bordering upon the Great Lakes exercise certain rights over water
quality, fish and wildlife and other conservation aspects bearing upon dredging and disposal
activities. The county and municipal agencies involved are too numerous to record. it will suffice
to note that the principal Federal Agencies, the COE and EPA, are charged with responsibility for
ensuring that all state and local authorities are advised and consulted with respect to dredging
projects that fall within their jurisdictions. In Section 2.2.2 examples of applicable state legislation
are reviewed.
2.1.1 U.S. Army Corps of Engineers (COE)
The Corps of Engineers administers the Rivers and Harbors Act of 1899 and
subsequent amendments thereto, and is charged therein with direct responsibility for the
maintenance and improvement of navigable waters throughout the United States. Within the
Great Lakes, in addition to dredging of U.S. ports and harbours and other navigable channels, the
Corps undertakes the maintenance of all boundary water channels with the exception of the
South-East Bend Cut-Off Channel of the St. Clair River and the approaches to the Welland Canal.
In addition, the Corps is responsible for review of all proposed dredging works and the issuance
of permits for all private projects as well as those Federal projects that are not carried out by or
on behalf of the Corps. In such reviews the Corps is charged with responsibility for ensuring that
proposals comply with other Federal acts relating to protection of the environment and for
ensuring coordination with State authorities and compliance with other regulations.
Recent amendments to the Rivers and Harbors Act impose upon the Corps a
responsibility for constructing and maintaining disposal sites for the containment of polluted





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 (i) The Chief of Engineers, under the direction of the Secretary of the Army, is hereby
authorized to extend to all navigable waters, connecting channels, tributary streams, other waters
of the United States and waters contiguous to the United States, a comprehensive program of
research, study, and experimentation relating to dredged spoil. This program shall be carried out
in cooperation with other Federal and State agencies, and shall include, but not be limited to
investigations on the characteristics of dredged spoil, and alternative methods of its disposal. To the
extent that such study shall include the effects of such dredge spoil on water quality, the facilities
and personnel of the Environmental Protection Agency shall be utilized
The Corps’ program under this Act has been moving forward. The US. Environmental
Protection Agency initially determined that 71 of the U.S. harbours (since reduced to 65) have
polluted bottom sediments which must be confined under this program. Initially 56 diked disposal
areas would have been needed to accommodate these projects. Requirements have beenreduced
to 47 locations at this time. Several additional harbours are being re-evaluated by EPA and may
be dropped from the program.
Construction is underway at nine of the diked areas (Cleveland, Grand Haven,
Milwaukee, Toledo, Dickinson Island, Buffalo, Huron, Manitowoc-Two Rivers, and
Kenosha-Racine), four of which will be completed prior to June 1975(Cleveland, Grand Haven,
Milwaukee, and Dickinson Island). Four of the remaining five areas will be completed prior to June
1976 (all except Buffalo).
While the “Pilot Program” Study of 1969 concluded that the cost of this program be
considered a pollution abatement charge, funding has been made available from the Corps’











































































































































































































































































 The Federal Water Pollution Control Act of 1972 establishes for the US. Army Corps
of Engineers the authority to issue permits, after public notice and opportunity for public hearing,
for disposal of dredged material in specified areas. The Corps is, therein, authorized to issue
permits for the discharge of dredged or fill material into navigable waters at disposal sites which
have been identified as a result of the application of guidelines developed by EPA in conjunction
with the Corps. It should be noted, however, that disposal sites may be designated by the Corps
of Engineers irrespective of the guidelines whenever such designation is made on the basis of
economic impact on anchorage and navigation. The Environmental Protection Agency is, however,
provided by the Act with a veto power over the Corps’ designation of any disposal site which may
have an adverse effect on aspects such as municipal water supplies, shellfish beds, fishery areas,
wildlife, or recreational areas. '
2.1.3 Other Federal Agencies
The Fish and Wildlife Service of the US. Department of the Interior assists with the
surveillance of navigable waters to detect unauthorized discharges of harmful pollutants, escape
of harmful pollutants from non-point and fixed upland sources, spills of oil and hazardous
substances, and other water pollution sources endangering fish and wildlife or their uses. In
cooperation with the EPA, Corps, and Coast Guard, the Service reports to the responsible
regulatory agency water pollution situations it considers harmful to environmental and
human-use values and otherwise assists and supports Federal actions against violators of the
Federal Water Pollution Control Act and the Marine Protection, Research, and Sanctuaries Act of
1972.
2.1.4 State Agencies
ln addition to the Federal control exercised through the US. Army Corps of Engineers,
each of the Great Lake States has some means of controlling activities of a dredging or
construction nature on waters within the State’s jurisdiction as further discussed in 2.2.2. This
control technique varies by State. Indiana, for example, requires submission of a dredging plan
to its Stream Pollution Control Board for approval prior to initiation of the activity. The Board
reviews the application and often makes recommendations for project modification. The plans are
also required to be submitted to the State Department of Natural Resources for approval. The
state-adopted water quality standards are used by the Pollution Control Board as the criteria
against which the activity is judged. The scope of the review of the Department of Natural
Resources is, however, much broader.
Minnesota, New York, Michigan and Ohio each have a defined permit program for work
in navigable waters. Permits must be obtained from the appropriate state agency prior to
-14-
initiation of any work. Permits may include terms and conditions with respect to the amount and
manner of operation and construction or other controls as is deemed reasonable to protect
environmental values.
in addition to each state’s specific requirement for work in navigable waters, the
projects of the Corps of Engineers are routinely evaluated and commented upon by agencies of
the affected state. This process begins at the project authorization phase as Congress considers
funding and continues through to the reviews of any environmental impact statements that may
be prepared prior to project initiation.
2.2 U.S. LEGISLATION AND REGULATIONS
The federal system used to control dredging and other work in the navigable waters
of the United States is composed of three elements: legislative acts that express the intent of the
Congress; regulations (published in the Federal Register) which implement the legislation with a
workable administrative program; and criteria and/or guidelines that are developed to expand or
delineate requirements in the acts and regulations. Each successive step is more explicit
regarding procedures.
2.2.1 Federal Laws
it is important to note the following definitions as used herein. A “standard” is an
authoritative rule, principle, or measure used to determine the quantity or extent of pollution. it
should be noted also that, although a standard is official or quasi-legal, it is based on the best
scientific knowledge and engineering practice available at the time of its formulation.
A “criterion” is a reference on which a decision or judgement to support a particular
water use may be based. It can be quantitatively evaluated by existing analytical tests. A criterion
differs from a standard in that it has no connotation of authority, but rather is a yardstick of water
quality. A “guideline” is an outline of policy.
Currently, there are seven Acts of Congress that may have a direct impact upon the
findings, conclusions, and recommendations that are contained in this report. In chronological
order, they are:
the River and Harbor Act of 1899 (33 U.S.C. 401) which regulates dredging and construction in
navigable waters; the River and Harbor Act of 1902 (33 U.S.C. 565) which regulates dredging that


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































to dredge in navigable waters of the United States.
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 US CORPS 0F ENGINEERS
PERMITS FOR ACTIVITIES IN NAVIGABLE WATERS OR OCEAN WATERS
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1. SECTION 10 OF THE RIVER AND NARIOR ACT 0F 1 NARC" 1899 - ACTIVITIES IN
NAVIGABLE HATERS OF THE UNITED STATES.
1. SECTION AM OF THE FEDERAL HATER POLUTION CONTROL ACT.
DREDGE OR PILL MATERIAL IN THE NAVIGAILE WATERS).
3. SECTION 103 0' THE MRIN'E PROTECTION, RESEARCH AM} WWMIES ACT OF
1972 (DISPOSAL OF DREDGEJJ HATERIAL IN THE OCEAN HATERSIV
HEARINGS REggIRED iv:
IV SECTION I‘01 AND ‘0‘ OF THE FEDERAL HATER POLLUTION CONTROL ACT.













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 of sand, gravel or other material therefrom, except that the department may by regulation provide
that only one application for permit need be filed in case the relief sought pertains to work in such
streams which are also navigable waters of the state.
In addition to the foregoing, special aspects such as arise in the case of dredging to
provide an inlet or outlet for a power plant, the New York Public Service Law, Art. VIII could be
applied to require consideration of environmental impacts of both the dredging operation and the
proposed disposal of the dredged material.
In Indiana, it is the policy of the Stream Pollution Control Board to require plans for
dredging projects to be approved by the Board prior to the start of the project to verify that all such
projects are in keeping with the Water Quality Standards for the waters of the State. In approving
plans for dredging operations, the Board recommends that dredgings be treated in the most
practicable manner, including adequate settling and skimming. The Board also recommends that
larger projects utilize a cutterhead suction dredge instead of a clamshell. Subsequent to the
Board’s approval, approval must also be obtained from the Indiana Department of Natural
Resources.
Dredging activities are regulated by the Minnesota Pollution Control Agency in
accordance with the laws relating to the Minnesota Pollution Control Agency, Chapters 115 and
116, Statutes, 1971.
Ohio’s activities concerning dredging in the Lake Erie basin involve two broad areas.
The first is to review and comment upon environmental impact statements submitted by the
Corps of Engineers. These impact statements discuss probable environmental changes either as
a result of Corps activity in dredged material disposal from certain Lake Erie ports or in
construction of holding facilities for other ports. Primary response to such statements comes from
the Ohio Department of Natural Resources and Ohio Environmental Protection Agency. Much the
same type of review is given to “Section 10” projects, where private corporations or individuals
apply to the Corps for permission to perform dredging operations.
A permit system is also employed by Ohio for commercial operations involving removal
of sand and gravel from the bed of Lake Erie. This system is discussed in Sec. 1505.07 of the Ohio
Revised Code. The most recent modifications have been in effect since October, 1972. Some
relevant excerpts of Section 1505.07 are: the Director of Natural Resources, with the
approval of the Director of Environmental Protection, the Attorney General, and the Governor, may
issue permits and make leases to parties making application, for permission to take and remove
sand, gravel, stone . . . and other minerals or other substances from and under the bed of Lake Erie,
either upon a royalty or rental basis, as he deems best for the State... Such permits shall be issued
for terms of not less than one (1) year nor more than ten (10) years, and such leases shall be for
a term of years or until the economic extraction of the mineral or other substance covered thereby
has been completed. Such taking and removal shall be within certain fixed boundaries that do not
conflict with the rights of littoral owners. No person shall remove sand, gravel, stone, or other
minerals or other substances from and under the bed of Lake Erie without first obtaining a permit









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 During 1974 the Federal Department of Environment instituted administrative
procedures for the environmental review and assessment of Federal activities, including dredging,
to ensure, that projects procedures and activities in which the Government of Canada has an
interest are subject to an environmental assessment and that the findings of such assessments
result in designs and procedures which protect or enhance the natural environment. In a Cabinet
decision of December 20, 1973, the Government directed all departments and agencies:
(1) to take environmental matters into account throughout the planning and implementation of
projects, programs and activities that are initiated by a department or agency, or for which federal
funds are solicited or for which federal property is required; (2) to undertake or procure an
assessment of potential environmental effects on time before commitments or irrevocable decisions
are made for all projects which may have an adverse effect on the environment; (3) to submit the
assessments made for all major projects that will have a significant effect on the environment to
the Department of the Environment for review; (4) to incorporate the results of environmental
assessments and reviews in the design, construction, implementation and operation of projects,
giving environmental problems the same degree of consideration as that given to economic, social,
engineering and other concerns; (5) to include in program forecasts and annual estimates the funds
necessary to carry out the intent of this policy and program.
The Government has invited proprietary crown corporations and regulatory agencies to participate
in the environmental assessment and review process. The Minister of Environment is required by
Cabinet directive to develop procedures for the implementation of these policies and to establish
a procedure for cooperation with provinces and territories in undertaking assessments on
projects of mutual concern. Specifically the Minister of Environment, in cooperation with other
Ministers, has been instructed to establish: (1) a procedure for administering the
environmental assessment and review process including arrangements for the public to comment
on the environmental issues, with provision for public hearings when appropriate; (2) an
Environmental Assessment Panel consisting of qualified personnel from within the Department of
the Environment, with arrangements for the appointment of a member of a department whose case
is under review, for the period of that review; (3) in special cases, an Environmental Review Board
external to the government service; (4) a procedure for cooperating with provinces and territories
in the undertaking and reviewing of environmental assessments of projects of mutual concern. ‘
During 1974 the Department of Environment introduced the Environmental Assessment and
Review Process (EARP) thereby providing for the administrative co-ordination of environmental
matters in all federal programs and activities as well as in projects for which federal funds or
property are required.
The EARP procedure adopted for DPW projects is illustrated in Figure 2-8. Within the Ontario
region, the procedures being adopted involve the provincial authorities through formal linkages
to provide advice and secure consultation. The Province of Ontario, in a recent “green paper" on
environmental policy, has indicated its intent to establish, through legislation, its own
environmental review procedures. It is anticipated that the federal regional procedures will be
adjusted to coordinate review action on projects and programs of interest to both the provincial
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and shipping class of subject matter.
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Section 92 of the BNA Act gives the provincial legislatures exclusive jurisdiction over
property and civil rights. Under Section 109, the Province of Ontario was given control and
ownership of crown lands in Ontario. These sections give the Province control over natural
resources including land, air, water and land under the water. It is through the very broad power
over property that the Province has direct jurisdiction over all resources and thus some indirect
control over dredging.
None of the provincial statutes reviewed by the Working Group contain any direct
reference to dredging although the Province is not precluded from enacting legislation that
specifically refers to dredging. However, because the disposal of dredged material is an integral
part of the dredging operation it is difficult to regulate it under the property and land use
jurisdiction without risk of encroaching on federal jurisdiction over navigation. It is important to
note that in the above-mentioned Provincial Acts there is no attempt to control the dredging itself,
but rather the removal and disposal of the dredged material as it relates to water pollution and
land use which are clearly matters of provincial jurisdiction. None of these statutes specially refers
to dredging, but rather to the disposal of any material regardless of its origin or the removal of
material from beaches.
Municipalities may also have by-laws controlling land use that could affect the disposal
of dredged material.
2.4.1 Navigable Waters Protection Act
The Navigable Waters Protection Act (R.S.C. 1970 Chapter N-19) is one of the statutes
through which the Federal Government has exercised its jurisdiction over navigation and is
designed to protect water, as defined in the Statute, by prohibiting the building or placement of
any work in, upon, over, under, through, or across a navigable water without the approval of the
Minister of Transport. According to the Act, work includes
any dumping of fill or excavation
of materials from the bed of a navigable water. Generally the Act can control dredging and
dumping but this could result from different sections of the Act depending on the
circumstances.
An approval granted by the Minister in respect of a work and the site and plans
pursuant to this Act is only an authorization to interfere with the public right of navigation to the
extent of the work for which site and plans have been approved. The approval of the Minister is
not an approval for construction nor an authorization in respect of any statute, regulation or
bylaw, federal, provincial or municipal which may require some other form of authorization in
respect of construction, land use, noise, weed or pollution control, zoning or like matters; nor does
such approval of the Minister vest in the recipient any title, easement, restriction or other property
rights in respect of the land on which the work is to be placed or in respect of any property
adjacent to or in the vicinity of the work.
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Section 5 requires thatthe work and the site and plans thereof be approved by the
Minister. If a person did not obtain approval before starting construction as required by
subsection 5 (1), the Minister could order the work to be removed or altered or stop further
construction. Failure to comply with such an order would make an owner or person liable on
summary convictions to a fine not exceeding five thousand dollars. Subsection 6 (4) provides for
late approval when the construction is already started or completed before the applicant applies
for approval. There is an extra fee of one thousand dollars for making a late application under
Section 6.
Section 5 does not apply to any work (except in the case of a bridge, boom, dam or
causeway) that in the opinion of the Minister does not interfere substantially with navigation.
However, even if a work such as dredging is exempt under subsection 5(2), at least the appropriate
government departments can be informed of the proposed dredging when the applicant applies
for the exemption.
It should be emphasized that the Act is only applicable where the water in question is
navigable. Whether a particular water is navigable water is a matter of fact and must be decided
on a case-by-case basis. Dredging could take place in non-navigable waters, but this would be
uncommon.
in recent years, the Ministry of Transport has adopted the practice of referring
applications under the Navigable Waters Protection Act to various federal and provincial
authorities who might be concerned with environment, land use and other matters affected by
dredging. In most cases, the Ministry obtains the concurrence of these government agencies
before issuing an approval under Section 5 of the Act. The Minister may issue an approval upon
such terms and conditions as he deems fit. Recommendations relating to the environment and
other government agencies have been included as terms and conditions on a few occasions.
However, as the Ministry of Transport could be placed in an unfavourable legal position, an
approval may be issued even though some authority has objected for reasons other than the
protection of navigation, and a covering letter issued advising that the guidelines and approvals
of other agencies may apply.
2.4.2 The Harbour Commissions Act
The Harbour Commissions Act, Chapter H-l of the Revised Statutes of Canada,
provides for the establishment of a harbour commission for any harbour in Canada that is not
named in the National Harbour Board Act, or for any harbour for which a harbour commission
has not otherwise been established by Parliament. Such a commission has the power to regulate
dredging within its harbour. However, Section 29 of the Harbour Commission Act recites
that, * any work undertaken by or on behalf of the Commission affecting the use of any
navigable water is subject to the Navigable Waters Protection Act.
-25-
 
 2.4.3 The National Harbours Board Act
The National Harbours Board Act, Chapter N8 of the Revised Statutes of Canada
provides the Board with jurisdiction over any harbours which may be transferred to the Board. The
Board has power to control dredging. Section 37 of the Act requires compliance with the Navigable
Waters Protection Act and both Ministers of Transport and Public Works must approve the works
jointly. There are also other federal acts that establish harbour commissions for particular
harbours and which, similarly, could control dredging.
2.4.4 The Public Works Act
Section 9 of the Public Works Act reads in part:
9.(1)
The Minister has the management, charge and direction of the following properties
belonging to Canada, and of the services in this section enumerated, namely:
(a) the dams, the hydraulic works, the construction and repair of harbours, piers and works
for improving the navigation of any water, and the vessels, dredges, scows, tools, implements and
machinery for the improvement of navigation.
Section 37 of the Act reads as follows:
Whenever the Governor in Council, or the Minister charged with any work for the improvement
of navigation, directs any work to be performed in any navigable water for the improvement of the
navigation thereof, it is lawful for the officers or servants of Her Majesty or the contractors for the
work, under the direction of the Governor in Council or of the Minister, to enter upon, dig up, dredge
and remove any part of the bed of such navigable water, or to build or erect any works thereon, as
may be directed or authorized by the Governor in Council or by the Minister for the improvement
of the navigation,
Without this section the dredging by officers, servants or contractors of the Federal
Crown could result in trespass since the bed of a navigable water may be owned by the provincial
government or another person.
2.4.5 The Fisheries Act
Section 91(12) of the BNA Act gives the federal government jurisdiction over sea coast
and inland fisheries. In Ontario, and several other provinces, the Federal Government has
delegated to the province the administration of the Federal Fisheries Act.
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 Subsection 33(2) is the general anti-pollution provision of the Fisheries Act and
states no person shall deposit or permit the deposit of a deleterious substance of any type
in water frequented by fish Deleterious substance is given a very broad meaning under
Subsection 33(11).
Section 33(1) prohibits the throwing overboard of ballast, coal ashes, stones, or other
prejudicial or deleterious substances in any river, harbour, roadstead, or in any water where
fishing is carried on. This section could in some cases be applied to dredging. Key elements in an
offence under this section are “throwing overboard” and “where fishing is carried out.” Section
30 states the eggs or fry of fish on the spawning ground, shall not at any time be
destroyed.
Unfortunately, Sections 30, 33(1), and 33(2) are punitive rather than preventive in
nature. However, if the appropriate environmental authorities know of the proposed dredging,
they can advise the proponent on how to conduct the dredging without violating these
provisions.
Subsection 33(12) of the Fisheries Act is suitable for making regulations to control
continuous effluents from industrial sources. lt is unlikely that this section could be used to
develop any regulations to control dredging. Section 34 provides a general power to make
regulations for carrying out thepurposes and provisions of the Fisheries Act and in particular, but
without restricting the generality of the foregoing, provides the power to make regulations:
(b) respecting the conservation and protection of fish;
(h) respecting the obstruction and pollution of any waters frequented by fish;
(i) respecting the conservation and protection of spawning grounds.
It should benoted that the power to make regulations does not include the authority
to delegate discretionary power to the Department which could control the manner in which a
dredging project is conducted. However, if a dredger was not willing to follow the advice of the
Department of the Environment, he could be reminded of the Department’s power to prosecute
under the general provisions of the Fisheries Act if any pollution resulted from the dredging.
2.4.6 Migratory Birds Convention Act
Control over dredging might also be derived from regulations under the Migratory
Birds Convention Act. Section 51 thereof, states:
No person shall place, cause to be placed or in any manner permit the flow or entrance
of oil, oil wastes or substances harmful to migratory birds into or upon waters or upon
the ice covering such waters.
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 2.4.7 Provincial Acts
Dredging may be affected by the following Ontario Acts which, in many circumstances,
could be applied indirectly to exercise significant control over a dredging activity:
i) Ontario Water Resources Act
ii) Environmental Protection Act
iii) Beds of Navigable Waters Act
iv) Public Lands Act
v) Conservation Authorities Act
vi) Beach Protection Act
vii) Public Health Act
viii) Lakes and Rivers Improvement Act
2.4.7.1 The Ontario Water Resources Act
The direct control of resources gives the Province jurisdiction over water and air
pollution and other environmental matters. Subsection 32(1) of the Ontario Water Resources Act
prohibits the discharge or deposit of any material of any kind into water that may impair the
quality of the water. This subsection gives the Ontario Ministry of the Environment authority to
require that the dredged material be disposed so that it does not pollute the waters. In practice,
the Ministry of the Environment advises by letter whether the material to be dredged may impair
the quality of the water and the water quality which should be maintained. The Ministry does not
issue a permit but rather advises the applicant what it considers acceptable within the terms of
the Ontario Water Resources Act.
2.4.7.2 The Environmental Protection Act
The Environmental Protection Act contains general provisions for the control of all
contaminants being discharged to any part of the natural environment. However, since in
application it is better suited to the control of continuous emissions from industry and
automobiles, the Ontario Water Resources Act is the more-appropriate provincial environmental
legislation to apply to dredging.
2.4.7.3 The Beds of Navigable Waters Act
The Beds of Navigable Waters Act recites that, with certain exceptions, the beds of
navigable waters, in the absence of an express grant of title, remain the property of the provincial
crown. In some cases the bed of the waterbody might be owned by the Federal Ministry of
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Transport or Department of National Defence and then application for acquisition of the land
would have to be made to the appropriate authority. Dredging operations are often done in
conjunction with other construction activities and in such cases it is necessary for an applicant
if other than a federal agency, to obtain title to the bed of the waterbody.
2.4.7.4 Public Lands Act
Whenever the bed of a waterbody in question is owned by Ontario, an appropriate
application for disposal should be made under the Public Lands Act (Revised Statutes of Ontario
1970, Chapter 81). Section 29 of the Act makes it an offence to deposit any material upon public
lands, whether or not covered by water, without the written consent of the Minister or authorized
officer. Section 45 allows the Minister to sell, lease, or issue a licence of occupation in respect to
public lands covered with water.
2.4.7.5 The Conservation Authorities Act
Section 27(1) of the Conservation Authorities Act gives conservation authorities
considerable power to control waterways within their jurisdiction. This Section states in part:
Subject to the approval of the Lieutenant Governor in Council, an authority may make
regulations applicable in the area under its jurisdiction
(a)restricting and regulating the use of water in or from rivers, streams, inland lakes,
ponds, swamps, and natural or artifically constructed depressionsin rivers or
streams;
(b)prohibiting or regulating the straightening, changing, diverting or interfering in any
way with the existing channel of a river, creek, stream or watercourse;
(c)regulating the location of ponds used as a source of water for irrigation;
(d)providing for the appointment of officers to enforce any regulation made under this
section;
(e)prohibiting or regulating the construction of any building or structure in or on a pond
or swamp or in any area below the high water mark of a lake, river, creek or
stream;
(f)prohibiting or regulating the placing or dumping of fill of any kind in any defined part
of the area over which the authority has jurisdiction in which in the opinion of the
authority the control of flooding or pollution or the conservation of land may be
affected by the placing or dumping of fill.
Any regulations made under Subsection 27(1) (f) would substantially affect any




2.4.7.6 The Beach Protection Act
The Beach Protection Act controls the removal of sand and gravel from the bed, bank,
beach, etc., of waterbodies. This Act is intended to protect beaches and the property rights that
the province has in such sand and gravel. Section 3 prohibits any person from carrying away or
removing by dragline or other mechanical device any sand from a bed, bank, or shore unless the
person has a licence. Section 9 provides the power to make regulations to prohibit or restrict the
removal of sand from the shores of Lakes Ontario, Erie and Huron. The Act is not intended for the
control of dredging for the purposes of navigation, but could do so indirectly.
2.4.7.7 The Public Health Act
Section 95a of the Public Health Act places certain controls on waste disposal which
could include dredged material. Subsection 95a(11) prohibits disposal of wastes without a
certificate. A medical officer of health may order the removal of wastes if the disposal was not
approved. This section could be applied to the disposal of dredged materials that are
contaminated particularly if they are to be disposed of in a populated area. The disposal of such
material could be controlled by requiring a certificate of approval under the Waste Management
Act.
2.4.7.8 The Lakes and Rivers Improvement Act
Section 10 of the Lakes and Rivers Improvement Act prohibits construction of a dam
on any lake or river until both the location of the dam and its specifications have been approved
by the Minister of Natural Resources. A dam is defined in general terms as a work forwarding,
holding back or diverting water. The Act is not intended to control dredging for navigation
purposes but can be used to prevent or regulate stream diversions and therefore may exert control
over related dredging activities.
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 3.0 DREDGING PURPOSES, EXTENT AND
PRACTICES
3.1 PURPOSES OF DREDGING
Dredging is a process by which sediments are removed from the beds of river channels,
lakes and harbours and disposed of elsewhere in a manner that is compatible with the dredging
purpose and requirements. The common purposes for dredging are;
— to maintain, improve or extend navigable waterways,
- to create, maintain or improve harbour facilities,
— to extract resource materials [including gravel, sand and
shellc; for construction materials or to create additional
land, and
— to remove undesirable materials from an aqueous
environment.
3.2 EXTENT OF DREDGING ACTIVITIES

























































































































































































































 is only temporary. The data of dredging activities for the seven-year period prior to 1973 as
presented herein, provide a representative indication of continuing long-term requirements.
TABLE 3—1
CANADIAN DREDGING ACTIVITIES IN THE GREAT LAKES
Total Volumes Dredged (1966—1972)
(Quantities in 1000 m3)
LAKE WELLAND LAKE DETROIT— LAKE LAKE TOTAL
PURPOSE ONTARIO CANAL ERIE ST. CLAIR HURON SUPERIOR
COMMERCIAL 7,528 1 , 155 1,575 276 155 1,540 12,229
RECREATIONAL 11 — 15 44 139 — 209
FISHING — — 99 — 17 — 116
MININGi“ 322 — 599 — — 178 1,099
LAND
RECLAMATION 50 — — — 117 2 169
*Volumes of dredging for mining purposes are for the period 1970—1972 inclusive
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 The geographic distribution of major Canadian dredging activities is illustrated
according to purpose on the maps of the tour lakes located partly in Canada that are presented
as Figures 3—A to 3-D inclusive. Lake Ontario requires the greatest attention, accounting for 60
percent of all navigational dredging and 30 percent of mining and land reclamation in the
Canadian Great Lakes. Hamilton and Toronto Harbours together account for over 94 percent of
the Lake Ontario navigational dredging. Canadian dredging in Lakes Erie and Huron and their
connecting channels is fairly evenly distributed geographically whereas the dredging at Thunder
Bay accounts for almost all of the Canadian activity in Lake Superior.
Over 82 percent of all Canadian dredging carried out on the lakes is in support of
navigation and consists primarily of dredging approach channels and basins in commercial
harbours. Although widespread throughout the lakes, dredging for recreational purposes and
fishery ports makes up a very minor portion of the total activity. Sand and gravel mining from the
lake beds represents about 17 percent of the total Canadian dredging in the lakes, while land
reclamation accounts for approximately one percent.
The bulk of the Canadian lakes dredging is currently being carried out by ten major
dredging contractors. However, because of the great variability in demand, not all of these firms
maintain dredging plant on the lakes at all times. To meet occasional peak requirements the
available capacity is supplemented with additional plant drawn primarily from contractors located
in the lower St. Lawrence River area.
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 3.3 DREDGING PLANT AND PRACTICES
The dredging process involves four basic actions:
- loosening or dislodging of the material to be removed,
- excavation and lifting to the water surface,
- transportation to a disposal site, and
- disposal.
The loosening or dislodging action is by mechanical penetrating and grabbing, raking
or cutting, drilling and blasting, or hydraulic scouring. The lifting action is accomplished by
vertical hoisting utilizing cables or hydraulic power, by inclined hoisting employing an endless-belt
principle or by hydraulic suction. The transporting is done by pipelines, scows, hopper dredges,
trucks, or by overcasting. The disposal function of the operation is accomplished by discharging
from a pipeline, dumping from trucks, bottom dumping or by pumping out of scows or hoppers.
In some hydraulic dredging operations the four actions are carried out continuously and
concurrently by a single piece of equipment while other methods employ two or more units and
perform the several actions separately and intermittently.












environmental concerns. Thus the type of equipment used and the method adopted to perform
a dredging operation in the most efficient and economic manner has traditionally been selected
on the basis of the following factors:
‘ the classification of the material to be dredged,
the physical environment at the dredging site,
the dredging depth,
the location and nature of the dredged-material disposal site, and
the availability of suitable dredging plant.
However, since it is now recognized that dredging operations can have an adverse
environmental
impact, particularly when
it is necessary to excavate and dispose of grossly
contaminated sediments, the various aspects of environmental concern reviewed in this report will
in future need to be considered when selecting plant and operating procedures.
Unfortunately, there are few actual experience data upon which to base analytical
evaluations of the environmental
effects of dredging. Neither is there much
comparative
information available for assessing the relative performance of different types of dredging
equipment in environmental terms. It is apparent from visual observations of turbidity in the area
of dredging operations that losses of fine materials take place during excavation. One measure
of the extent of disturbance caused would be indicated from the percentage loss of such fine
materials but direct determination of such data is scarcely practical. Since different types of
dredging
plant have vastly different operating characteristics, even the comparative effects
between them are difficult to establish. A modern cutter-suction dredge, which may handle up to
3,000 m 3per hour, cannot be compared directly with a 3 m 3clamshell dredge operating efficiently
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at a production rate of 120 m3per hour. Which will result in the greater aggregate loss of fines is
not really known.
Maintenance dredging projects usually deal with recent accumulations of sediments
which may have beencontaminated. They are more likely, therefore, to give rise to adverse and
intense short-term pollutional effects than would capital works projects. The latter normally
involve significant physical changes to bottom site geometry which induce long-term influences in
the environs of the dredging site. Any dredging operation may impose a combination of both short.
and long-term environmental impacts at the dredging site as are more fully discussed in Section
5.4.
Comparison of the operating cycles and procedures for the various types of dredging
plant used in the Great Lakes is of interest insofar as it is possible to distinguish differences in
impact intensities which relate to specific types of equipment and particular operating practices.
The choice of dredging plant generally has less influence upon long-term dysfunctional effects,
although some may be inferred from changes in bathymetry and substrate disturbances which
can be related to typical dredging operations.
3.3.1 Dredging Plant
Dredging plant is broadly categorized as mechanical, hydraulic or pneumatic
equipment. As the designation implies, mechanical dredges accomplish the digging of bottom
sediments through the direct application of mechanical force to dislodge and remove the material.
Most mechanical dredges deliver the dredged material into scows for transportation to the
disposal site. Specialized mechanical dredges include the dipper dredge, the bucket ladder dredge
and the grab or clamshell dredge all of which are used extensively in the Great Lakes
waterways.
Hydraulic dredges operate on the principle of the centrifugal water pump. The pressure
difference across the impellor creates a water velocity sufficient to transport a slurry of the
material being dredged through a pipeline for deposit at the disposal site. Mixtures containing 15
to 20 percent of material by volume are usual. Suction dredges, hopper dredges and cutter-suction
dredges are examples of hydraulic plant utilized in the Great Lakes.
Pneumatic dredges are a recent, European-patented innovation and have not yet been
introduced into North America. The dredge operates on compressed air and hydrostatic pressure
and is reported to be capable of entraining mixtures of material and water containing up to 60
percent solids by volume.
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3.3.1.1 Mechanical Dredging Plant
3.3.1.1.1 Grab or Clamshell Dredges
The grab or clamshell is the most commonly used mechanical dredging plant in the
Great Lakes fleet with application to a wide range of maintenance and new-work projects. It may
be used to excavate all types of materials except for the most-cohesive sediments and solid rock.
Grab and clamshell dredges are frequently employed for maintenance dredging operations and
are particularly adapted to operating within confined areas and where close control of position
and depth is essential to avoid undermining the foundations of marine structures. The excavation
is accomplished as an intermittent operation and results in a somewhat irregular and disturbed
bottom surface.
In practice, the clamshell usually excavates a heaped bucket of material. During
hoisting, drag forces wash awaypart of the load and once the bucket clears the water surface
additional losses occur through rapid drainage of entrapped water and slumping of the material
heaped above the bucket rim. The bucket may be inadvertently prevented from fully closing by
random pieces of timber, large roots, boulders or rubble fragments, and if it remains ajar, much
of its load may be lost during hoisting. Losses of material throughout the process are also
influenced by the fit and condition of the bucket and the hoisting speed, and can vary widely
between different types of material. Even when fully closed, substantial losses of loose and fine
sediment can occur.
3.3.1.1.2 Hydraulically-operated Clamshell and Backhoe Dredges
A modification of the grab dredge, the hydraulically-operated clamshell and backhoe
dredges are essentially land-based excavators that are particularly useful for near-shore
operations. They have the advantages of providing controlled penetration of sediments
independently of bucket weight and of short operating cycles but, on the other hand, have limited
depth capabilities. Backhoes dredge in the backwards direction but, by reversing the bucket, can
be used as hydraulically-operated dipper dredges. (See Section 3.3.1.1.4.)
3.3.1.1.3 Dragline Dredges
Usually operated also from a land site, the dragline dredge is basically a crane
equipped with a suitable drag bucket. A long boom or deadman post is used to swing the bucket
into place over the sediments to be excavated where it is released and sinks to the bed. It is then
dragged along the bottom back to the disposal site at which the crane is located. Such dredges
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can also be operated from barges in which case the bucket is raised and the material dumped into
an adjacent scow. Dragline dredges tend to displace much more material than they excavate in
each digging cycle.
3.3.1.1.4 Dipper Dredges
Dipper dredges are capable of exerting great mechanical effort and hence find
application in the sub—aqueous excavation of soft or broken rock and dense sedimentary deposits
such as boulder clay and glacial till. Unlike the grab dredges, the bucket is firmly attached to a
long boom and is forced into the material to be removed. To increase the digging power, the
dredge barge is suspended on powered spuds that transfer the weight of the front portion of the
vessel to the river bed.
The violent action of this type of dredge causes considerable disturbance during
digging and there is also a significant loss of material from the bucket as it is raised. However,
such losses are almost inevitable in dredging the dense, cohesive sediments for which such plant
is primarily utilized.
3.3.1.2 Hydraulic Dredging Plant
3.3.1.2.1 Plain Suction Dredges
This is the simplest form of hydraulic dredge and is used primarily for excavating
freely-flowing materials. The dredge consists essentially of a barge-mounted centrifugal pump and








































3.3.1.2.2 Trailing—suction Hopper Dredges























































































































































































































































































































































































































































































































































































































































































 length of the dustpan head. During operation, anchors are placed upstream of the dredging area
and the vessel is pulled along by reeling in the anchor cables. Because of the wide head
configuration, it is possible to obtain a higher solids content in freely-flowing materials than with
other hydraulic suction plant. While the practice of letting no doubt improves efficiency, a side
effect is the considerable resuspension of fine-grained materials that escape from the suction
head.
3.3.1.3 Pneumatic Dredging Plant
The “Pneuma” System dredge has recently been developed in Europe but has not yet
been introduced into North America. The equipment which usually consists of a cluster of three
large diameter air-operated pump chambers discharging via pipeline, operates through positive
displacement action. Pneuma equipment has particular application to mining-type operations in
freely-flowing material and is capable of operating in very deep water. Observations indicate
considerable variability of loading, although slurry concentrations averaging between 30 and 40
percent solids content are achieved. Development and testing of variations of the basic system,















































































































































































































































































































































































































































































































































































































































































































































 minimum recorded levels to be 2.0 m for Lakes Huron, Michigan and Ontario, 1.2 m for Lake
Superior and 1.5 m for Lake Erie.
Wind-induced level variations are much more significant over short time periods.
Wind-seiches of 2.6 m on Lake Erie and 0.8 m on Lake Huron have been observed while storm
wave-heights reach more than 8 m in Lake Superior, 5 m in Lakes Michigan and Huron and 4.5
m in the two lower Lakes. Mixing of the water mass is very considerable during such storms and,
in the shallower areas, extensive resuspension and redistribution of bed sediments occurs.
Wave action is generally considered to be morphologically effective in the Great Lakes
at depths of less than 20 m although the depth of induced motion varies greatly according to
aspect, fetch and bathymetry. However, it should not be inferred that in waters shallower than 20





















lacustrine sedimentology of the Lakes, it may be concluded that sands and silty-sands are

























































































































































































































































































































































































































































































































































































































   
 may also be used to estimate the depth to which physical turbulence may rework bottom
sediments.
Figures 4-C and 4-D illustrate the mean size content of the bed sediments in Lake Erie
and, as may be observed, show that good correlation exists between bed level energy distribution
and the sediment characteristics. Figures 4-E, 4-F, and 4-G present similar data for Lake
Ontario.
Wave energy also attacks the shorelines, and in the Great Lakes region the softer bluff
materials are eroding at rates of as much as 1.0 to 1.5 m per year. Bank erosion varies seasonally,
and, even at sites of severe erosion, rates are dependent upon local situations as well as variations
in lake levels and climatic conditions. Shoreline erosion provides a large portion of the total lake
sediment loadings and, together with those derived from upland drainage, constitute the primary
input of sediments to the lake environment. Recent deposits in protected harbour locations derive
primarily from influent drainage. On the other hand alongshore shoals and harbourmouth bars
are formed principally from shoreline erosion products through the reworking and transport of
materials within the littoral zone.
Circulation patterns of flow in the Lakes are influenced by wind stress, coriolis force
(to a minor extent) and, in the cases of Lakes Erie and Ontario, the momentum effects of the
inflowing Detroit and Niagara Rivers. The most significant circulation, however, is that caused by
the annual temperature cycle that results in regular seasonal thermal stratifications. Bottom
temperatures in the deeper parts of the Lakes remain throughout the year at close to 4‘C, the
temperature of maximum density, while surface waters vary from O"C to more than 2000.
Formation of well-defined epilimnion and hypolimnion strata in the summer, separated by a
thermocline, gives way to isothermal conditions in the fall. Ice cover in the winter is variable but
only in Lake Ontario is it generally restricted to nearshore areas and in embayments. The surface
waters of all the Lakes are cooled to below 4% and being less dense than the water at depth
remain near the surface. Thus, in both winter and summer, surface and deep waters tend to
circulate independently.
Research investigations undertaken in Lakes Erie and Ontario in recent years have
shown that, far from being stagnant as once believed, the hypolimnion waters can experience
considerable circulation current movements. In the summer of 1970, for example, during a
prolonged period of SW to W winds, the thermocline layer in Lake Erie took on a pronounced tilt
being at about 18 m depth on the US. side of the Lake and only 12 metres depth off
Pointe-auxPins, Ontario. Currents in the hypolimnion averaged between 5 and 10 cm/s but were
measured as high as 98.5 cm/s. Such peak velocities, even if only of short duration, would
resuspend considerable quantities of bottom sediments. Saltation would continue even under the
indicated mean range of velocities.
The physical processes in the Lakes are primarily responsible for the transportation
and mixing of sedimentary materials. In terms of dredging concerns, the transport process relates
mainly to the movement of dissolved constituents in the form of an enriched solution as well as
the redistribution of particulate materials. The mixing process relates to the incidence of
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The more-active geochemical parameters are associated with the presence of clay
particles, hydroxides (colloids) and particulate organics. The clay minerals, which may act as
adsorption sites for various ions or molecular compounds, predominate in the finer silt and
clay-size fractions. These particles have very highsurface area to volume ratios. If such materials




















adsorption sites after transport to a less-turbulent location.
Recent sediments of silty-clay materials are usually loosely consolidated and retain a
very high water content (often greater than 100 percent). It is known that the interstitial or
pore-water of such sediments may retain much higher concentrations of ions in solution than
occur in the overlying water.If this porewater is released, as a result of turbulent mixing of the
bottom materials, it will effectively increase the total dissolved solids at the site of disturbance.
The chemistry of the bottom sediments and overlying waters in the Great Lakes
present complex situations wherein varied input loadings, residence times, and outputs give each
lake and its subbasins different, though related, characteristics. In simple terms, the size of Lake
Superior, the long residence time of its waters (183 years), and the relatively small cultural impact
of human activities in its basin means that generally its water quality has changed little since
records were initiated; it also means that, if its water quality does change, such effects may last
for a very long time. On the other hand Lake Erie, with its relatively short residence time (2.8
years), has shown considerable change in water quality relative to the effects of cultural impact.
lt is likely, however, that this lake may show signs of response to reduced input loadings on a
rather more rapid time scale.
It will be evident from an appreciation of the processes reviewed herein that the form
in which a chemical parameter is present in the aqueous environment is usually of much
significance from an impact viewpoint. If the nutrient elements and toxic compounds present in
the sediments are bound up in stable complexes within an ecosystem that does not require their
degradation for continued biologic productivity, such components can be considered as not
available to the biomass and hence, as long as conditions do not change in an adverse manner,
of limited environmental consequence. Nevertheless, a number of the chemical analyses that are
used to assess the presence in sediments of heavy metals and organic materials provide measures
of total concentrations only and yield little direct evidence of their availability for biochemical
activity. (See Section 5.1.3) It is for this reason, among others, that a site-specific approach to the
interpretation of chemical parameter tests on sediments that recognizes probable availability is
being recommended.
To assist in the better evaluation of such matters, a great deal of basic measurement
has been carried out in the Lakes in recent years. For classification purposes, each of the Lakes
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has been divided into a number of sub-basins each of which has been surveyed for both sediment
and water column characteristics. The water column is divided into three depth classifications
representative of littoral, medium and deep-lake zones, the dividing le below the surface. The
water in each layer is tested periodically for organic content, nutrients and a range of metal ions.
In addition, sediments representative of each of the depth zones are sampled by grab and core
methods and classified according to sediment size and a similar range of chemical parameters.
Data for each of the lakes except Michigan have been analysed to date by CClW. While these data
have been analysed for the sub-basins of each lake, only total-lake summaries are presented
herein as Table 4-1.
In addition, to indicate the spatial variations indicated by the foregoing, Figures 4-I to
4-N inclusive show bed-sediment concentrations of total phosphorous (as P305), total mercury and
organic carbon in Lakes Erie and Ontario from which it may be observed that natural background
levels at many locations are considerably higher than the criteria concentrations that have been
used in the past to classify dredged sediments as sufficiently polluted to be unfit for open-water
disposal (see further discussion in Section 5.1.3). It must be emphasised that the data presented
represent total concentrations of the noted parameters. The values do not necessarily bear any



























































































































































































































































































































































































































































































































































































































maximum 72.99 0.27 0.23 3.12 7.61 977.00 127.70 57.30 332.30 78.90 3.60 50.00 3.00
mean 60.26 0.23 0.16 2.27 6.43 519.37 90.08 38.18 201.47 53.03 2.39 13.48 0.38
std.devn. 9.21 0.03 0.05 0.67 1.01 259.03 31.13 11.02 83.16 18.20 0.72 11.52 0.61





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Microbiological processes can effect the methylation of such heavy metals as mercury
and lead and also play a significant role in the breakdown of organic materials. Under normal






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































whitefish was the most valued and sought-after species during the early fishery in each of the four
other lakes. The lake trout was the second most valued species in all the lakes and bore the brunt
of increased fishing pressure as the supply of lake Whitefish declined.
Other species exploited
heavily in the early fishery were
the lake herring and
lake
sturgeon. Between 1879 and 1925, lake herring contributed more than half of the total annual
production from Lake Erie. Deepwater ciscoes were exploited heavily in Lakes Michigan, Huron
and Superior in 1925-35 and again at various times after 1950 following the decline of the lake
trout.
The
influence of modifications in the drainage
basins on the fish stocks of the Great
Lakes is difficult to define even though the effects were apparently major. Nearly all of the species
of fish of the Great Lakes are found in shallow water at some season or period of their life history.
The
sturgeon, which once spawned
















to reduce the sturgeon
population,




























tributaries to Lake Ontario
eventually
eliminated the suitable spawning habitat for the species, and led to its ultimate extinction in Lake
Ontario and the upper St. Lawrence River.
River—run lake trout, lake Whitefish, and
lake herring were common
















Erie, but these populations disappeared by the early 1900’s. Major fisheries
were also based
upon
river-run Whitefish stocks in tributaries of Green











































is related to modification of the drainage
basin and the tributaries. Thus, they represent
a secondary effect of the modification
of the environment
that has also had
a direct influence on
oligotrophic fish communities
of the Great Lakes. Such
modifications including the removal of the
forest, construction of mill dams
and
pollution altered the physical and
chemical conditions in the
streams and
the















































































Extensive development around the Great Lakes during the last century has clearly had
a very significant effect on their chemical and biological processes and, in assessing the
environmental impact of a dredging program, it is necessary to be aware of the overall trends in
water quality that have been promoted by such cultural factors. Unfortunately, reliable water
quality records are not available for the Great Lakes much before the late 1920's although a few
observations exist dating back to the turn of the century. Nevertheless, with the benefit of
considerable recent research involving analyses of lakebed sediment core samples, much useful
information on the past effects of cultural impact has been derived.
While the excavation and redistribution of uncontaminated sediments for navigation,
mining or other purposes may have some adverse environmental effects, the principal concern
herein is with the polluted materials that have to be removed periodically from busy shipping lanes
and commercial harbours. The dredging phase of such maintenance projects frequently improves
conditions at the site but disposal of the contaminated materials presents a potentially wide range
of concerns. Since the most convenient method of dredged material disposal is usually in open
water, as near as possible to the dredging location, a decision to dispose of the material elsewhere
involves an increase in costs that recent experience has shown can be very considerable.
Therefore, it is essential that the probable impacts of open-water disposal be as thoroughly
assessed as the state of knowledge will permit before a contrary decision is made. An appreciation
of trends in lake behaviour is necessary for such assessments.
















































































































































































































































































































































































































































































 The trophic state of a lake is maintained by continued inputs of nutrients. In very large
lakes, increased nutrient loadings affect first the near-shore environments and, depending upon
the morphology and morphometry, gradually influence the offshore waters. An acceleration in
nutrient supply, which can occur as a consequence of agricultural, industrial, and population
growth in the drainage basin, does not allow the system to come to equilibrium and results in the
symptoms of cultural eutrophication which are evident throughout the Great Lakes.
The term cultural eutrophication in a broad sense includes physical and chemical
changes that result from influences of human population growth and industrialization that are in
part natural, but which occur at much greater than natural rates, as well as from influences that
are artificial in that they would be unlikely to occur in the absence of a technological society.
The accelerated “natural” processes include increases in nutrients and turbidity, and
physical changes such as the loss of shallow areas, more often by drainage than by siltation.
Artificial processes include increases in water temperatures of tributaries, bays, and inshore
areas through changes in land use (primarily deforestation), massive introductions of heated
effluents, the discharge of synthesized chemicals (such as pesticides and plastics) or wastes of
chemical industries, and large quantities of metals and minerals that are products, or
by-products, of industrial processes and which enter the tributaries of lakes in amounts greater
than would normally erode or leach from the lake basins.
The drainage basins of Lakes Erie, Michigan and Ontario have been significantly
altered as a consequence of settlement and the effects are reflected in significant changes in the
environment and biota of the lakes. In a little over 200 years, the drainage basin of Lake Erie has
been completely altered from what was mostly wilderness populated by about 100,000 people to
a watershed used intensively for agriculture and industry in which the population had increased
by 1970 to approximately 12 million. Sufficient evidence has been accumulated to demonstrate
that all the Great Lakes, except Superior, have undergone measureable changes in the last 60
years.
Historic data indicate that on a lake-wide basis there has probably been very little
change in the nutrient content of Lake Superior since the turn of the century. The concentrations
of some industrial contaminants have increased but these are of only local significance. There is
some evidence to suggest that total nitrogen (nitrate plus ammonia) may have increased since
1906, but nitrate is probably not growth-limiting to phytoplankton in this Lake. The few core
samples which have beenobtained indicate slightly increased mercury concentrations during the
period 1945 to 1955.
Secchi-disc values for Lake Huron, based upon lake-wide means for July and August,
show a consistent decrease from 10 m in 1954 to 7 m in 1971. Diatom production has been
modified, coincident with a decrease in reactive silica concentrations over the same period, and
may result in their periodic replacement by other algal forms. There is also some evidence in Lake
Huron to support the view that nutrient concentrations began to rise in the early 1950’s and
lake-wide water quality data suggest that the biomass continues to respond to this increase.
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Mean depletion rates for dissolved oxygen during summer in the
bottom-water of central Lake Erie.
Note that the critical rate
of 3.0 mg/liter/month, reached in 1961, produces zero oxygen
levels before the end of summer stratification.
— after Dobson and
Gilbertson,
Hypollm‘nion Oxygen
Depletion Demand. Proc. Nth Conf.
Grant Lakes 9.25.. 1971
Figure 4—P
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 In Lake Erie the concentrations of organic carbon, and total nitrogen have shown slight
but continuing increases from the mid-1700’s until some time in the 19505. Total phosphorous
had also increased very slightly to about 1940. However, there appears to have been a marked
increase in total phosphorous concentrations after this date which correlates well with the rates
of dissolved oxygen depletion illustrated in Figure 4—P. Attendant with the increases in nutrient
elements are higher concentrations of such heavy metals as mercury, lead, copper, zinc and
cadmium, and such toxins as pesticides and herbicides. These increases have been particularly
marked since the early 1940’s.
The core data from Lake Ontario show similar trends, although, because of differing
local inputs to the Lake from the surrounding basin, response times are somewhat different. This
is particularly noticeable for the total phosphorous data. The mercury content of core samples as
is illustrated in Figure 4-Q also indicates that industrial and municipal impacts in Lake Ontario


























































































































5.1 CLASSIFICATION OF SEDIMENTARY DEPOSITS AND
DREDGED MATERIALS
A substantial accumulation of practical knowledge concerning the bottom sedimentary
materials along the shorelines and in the ports and harbours of the Great Lakes has been obtained
through dredging activities in the past. Much reliance is placed on this experience both by
government agencies and dredging contractors when selecting plant for proposed operations.
Unfortunately, this practical experience is largely unrecorded; such records as have been kept
allow for only a crude interpretation of the physical, engineering and environmental
considerations that relate to dredging projects.
It is apparent from a review of traditional practices that the comparative freedom of
choice to dispose of dredged materials in open water prior to the 1970’s in the Great Lakes has
not imposed any rigorous requirements for precise definition of the sediment characteristics. Only
when the primary purposes for dredging have been the creation of a landfill, beach nourishment
or aggregate mining, have borrowed materials been selected on the basis of their physical and
engineering properties. Nevertheless, classification in such terms would provide a consistent basis
for behaviour evaluation during both dredging and open-water dumping as well as for land
disposal. As this report emphasises, the potential pollution hazards due to dredging are related
to the physical characteristics of the sediment as well as to its biological and chemical properties.
























































































































































































 intense hazards in the aquatic environment. Since they settle rapidly even under conditions of
moderate current energy, their aggregate performance when disposed in open water is
predictable.
The behaviour of sediments which contain significant amounts of fine and very
fine-grained soils is, however, quite different from those of the coarse-grained materials. Such
soils contain adsorption complexes attached to the individual grains that can occupy a major part
of the void space within the soil matrix. The physical properties of those soils are largely
determined by the nature of this adsorbed layer.
“Fine-grained soils” consist of silts ranging in size between 0.06 mm and 2.0 pm. i
“Very fine-grained soils” are clays of less than 2 pm particle size. Soil particles which are so
small that surface activity has an appreciable influence upon their properties are said to be
colloidal. Since the intensity of surface activity varies with the substance, the upper limit of size
for colloidal particles is not constant but ranges between 2.0 and 0.1 pm. Since it is the clay
materials that are by far the most active, the upper limit of colloidal size is usually considered to
be the upper grain-size limit for the clay soil fraction.
It is well established that most chemical complexes that could contain pollutants of
concern in the aquatic environment are bound as adsorption layers to the fine-grained particles
(clay minerals, hydroxides and organic carbon particles) within a sediment. The complex is held
together by ionic attraction, with the particles usually carrying negative charges and positive
hydrogen ions provided from the surrounding water. Certain clay minerals carry positive charges
so that in a given sediment both anionic and cationic adsorption sites usually exist. Such fine and
very fine-grained soil particles tend to remain in suspension under modest energy currents and
once settled can be readily resuspended. Wave energy and circulation patterns continually re-sort
such sediments within the littoral zone, gradually transferring them into the deeper water
areas.
The intensity and movement of turbidity clouds that are associated with dredging
activities are the most readily observed indications of the bottom dispersion of contaminants.
Trace-element monitoring can be used to provide direct evidence of such effects, but, to date,
limited observations of this phenomenon have been performed. Except in those instances where
trace elements have been deliberately injected to plot current patterns, the recorded data are
rather indeterminate. Thus to provide a sound basis for establishing criteria that would be
indicative of unacceptable levels of turbidity, more extensive, specific field observations are
required. Such observations should be supported by a consistent classification of the materials
being dredged or dumped so that predictions of probable turbidity levels for future situations
could be developed.
The foregoing is established from geotechnical considerations. It should be noted that lacustrine sedimentologists
have adopted 8¢ (approximately 4 lug) as the lower limit of the silt fraction. They utilize a Phi scale for
sediment grading in which ¢ = .Iogz (diameter in mm). For examples, see Figures 4-C and 4-F.
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A comprehensive basis for classification of soils has evolved through research in the
geotechnical field and it is recommended that such classification be applied to dredging activities.
(See Section 6.2.) As a primary basis for evaluation of environmental concerns and to provide for
comparison of dredging projects, it is recommended that, in all cases when samples of bottom
sediments are taken, a grain-size distribution analysis should be made as a minimum
determination of physical characteristics.
5.1.2 Engineering Classification
Engineering properties of soils are defined by such characteristics as cohesion, shear
strength, permeability, consolidation and other strength-related parameters. Parameter values
are determined by field and laboratory tests and applied in the design of structural foundations
and embankments. In relation to dredging operations, the shear strength and cohesion of bottom
sediments in-situ may determine the choice of appropriate dredging plant. Suitability ofthe
various types of plant for excavation in different sediments is discussed in Section 3.3.
Coarse-grained materials, when in a cohesionless state, have properties that are
essentially dependent on the mechanical characteristics of the soil grains themselves. ln-situ tests
and experience will generally suffice for prediction of behaviour during excavation and following
disposal. The strength properties of naturally-cemented cohesive sediments on the other hand
depends on the nature of the bonding. Fine-grained and very fine-grained soils properties are
closely related to their chemical composition. The behaviour of natural sediments which contain
significant amounts of silts and clays will be modified by the characteristics of these fine
constituents. Testing programs to determine the engineering properties of such materials need to
be considerably more elaborate than for coarse-grained soils.



































































































































































































































































































































































































































































































































































































dredging site may allow for intermittent layering of fine-grained soils with sandy materials to
improve internal drainage and increase the rate of reconsolidation.
Most such landfills are likely to be filled with a dredged soil slurry, pumped either
directly from the dredge, from scows or hopper vessels. Over the short-term the supernatant flow
will include the interstitial waters from the soil complexes and may require substantial detention
time, not only to permit settlement of suspended solids but also to provide for biologic reduction
of organic materials to acceptable levels before return to the lake. Where unusually heavy
concentrations of organics, nutrients or toxic metals are present in the supernatant flows, or in
leachate drainage, it may be necessary to consider specific treatment before permitting drainage
return to a watercourse.
A decision to transfer contaminated sediments from a subaqueous environment to a
confined terrestrial site should not simply result in relocation of the problem. The reason for
disposal of dredged materials within a confined landfill, from the viewpoint of pollution
abatement, is to create a permanent storage site which inhibits the migration of various elements
to the groundwater and prevents their return to the lacustrine environment. In such instances it
should also be recognized that the design should not simply result in creation of a sump but rather
attempt to make the best use of available materials and engineering knowledge to achieve a
facility which can be of some future use to the community. It behoves those concerned to improve
each site within the limitations imposed by the materials at hand.
5.1.3 Biological and Chemical Classification
A characterization of bottom sediments as to their degree of pollution has, during
recent years, been made on the basis of a limited number of tests adapted from technology
developed for the water supply and sewage treatment fields. Pollution hazards have been inferred
-80-
utilizing criteria originally adopted by the EPA’s predecessor agency. These criteria, used in the
United States and Canada, are reproduced herein as Table 51.
TABLE 5—1
Criteria of Acceptability for Open—water Disposal of Dredged Materials
Maximum permissible concentration
Parameter Canada United States
(all values are shown as mg/kg dry
weight basis)
Volatile Solids 60,000 60,000
(Loss on ignition at 600'C)
Chemical Oxygen Demand 50,000 50,000
Total (Kieldahl) Nitrogen(as N) 2,000 1,000
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Since it is evident that such arbitrary values bear little relationship to environmental
processes and have not been correlated with perceived impact effects, the Working Group has
concluded that application of the current criteria as the basis for determining the pollution status
of bottom sediments and the use of an individual parameter as sole criterion for determination
of acceptable disposal practices is inappropriate.
It is, therefore, recommended that the characteristics of bottom materials to be
dredged, and of bottom sediments at proposed open-water disposal sites, be determined from
current state-of-thevart technology and to the greatest extent possible provide indications of
chemical constituents and other parameters in terms of their availability to the ecosystem.
Moreover, it is recommended that determinations be made not only from samples of the materials
scheduled for removal but also, where appropriate, from samples representative of natural
background levels at proposed disposal sites in accordance with the environmental sampling
requirements discussed in Section 5.2.
If, as discussed in Chapter 7, the recommendations of the Working Group concerning
programming and planning of dredging activities provide for a much greater lead time, there will
be opportunity to place more reliance upon bioassays in which conditions more representative of
the natural environment can be simulated. Such testing provides a direct means of determining
threshold lethal concentrations and for evaluation of sub‘lethal concentrations affecting species
physiology, growth and reproduction. These impacts can then be related more directly to the
availability ofcontaminants estimated from site sampling.
At the time of preparing this report, it is recognized that the research initiated in the
Dredged Material Research Program by the Corps of Engineers, broad studies of the Great Lakes
limnology, sedimentology and lacustrine processes in progress at the Canada Centre for Inland
Waters as well as research by other organizations will define more rigorously the complex nature
of chemical and biological reactions which occur in natural water environments. The extent of
current research activities bearing upon the problems of dredging and environmental protection
in the United States and Canada is summarized in Appendix C. As results of the investigations
accumulate, somewhat simpler indicative tests may be developed which will correlate
satisfactorily with experience data. The Working Group is of the view that environmental
protection will best be served by sitevspecific project evaluations, placing reliance upon the
professional judgement of qualified investigators.
5.2 ENVIRONMENTAL SAMPLING
Sampling of bottom sediments and the overlying water column at the sites of dredging
and open water dumping operations for environmental purposes will usually be required in
advance of project operations. Additional sampling may also be required during the operations
-82-
and afterwards when it is intended to monitor and assess the effects of the dredging and disposal
















biological characteristics of the
material being excavated at the proposed disposal site. This information will be evaluated during
the process of environmental impact assessment and interpreted in the light of local background
conditions and previously documented experience. Determinations of acceptable projects will be
made
in conformity with the applicable guidelines and criteria of Chapter 6. From such data
comparisons on a site-specific basis, it is intended to identify and encourage utilization of the
beneficial aspects of a dredging project and at the same time minimize its deleterious impacts.
Samples collected during and after the operation of dredging or disposal activities will
be primarily intended to monitor the conduct and medium- to long-term environmental effects of
the project. Such documentation will se develop a record of relevant experience and may also
contribute to the ex post facto evaluation of the effectiveness of environmental control
programs.
It is important to recognize that in carrying out an environmental impact assessment
for a dredging project, absolute values representative of the chemical and biological parameters
of concern are almost impossible to obtain. Furthermore, because of the complex and synergistic
relationships which exist between the many variables that characterize a dredging or disposal site,
such absolute values may not be very meaningful. Parameter values must be interpreted
according to their relative importance on a site-specific basis. Within this limitation a sampling
program should be planned with three basic considerations in mind; changes with respect to time,
spatial variations as well as sampling, processing and analytical procedures. It is of particular
importance that the sampling program be related to the scope of the dredging project to be
undertaken. Review of recent dredging projects suggests that generally insufficient samples have
been obtained to facilitate good decision making with respect to disposal practices. The high cost
of onland disposal sites for the containment of contaminated sediments demands that the
pre-project sampling program be designed to categorize as closely as possible the nature of the
sediments to be excavated and their in~situ variability as well as the site characteristics of
proposed disposal sites.
5.2.1 Sampling Program Design
In view of the foregoing, it may be anticipated that in many cases a staged program
of sampling would be preferable; the initial samplings being designed to provide a general
classification of the environmental concerns at both dredging and disposal sites and subsequent
phases planned to more closely identify specific concerns and variations where such are likely to




















































































































































































































































































































































































































































































































































































































































































approach since the sampling density remains
uniform throughout the sample area.
iii) Concentric or —beneficial|y used in situations of
radiating grid point—source effects where sample spacing
sampling can be varied to permit resolution of a
diffusion gradient.
iv) Transverse —used particularly to present information
grid sampling for the purposes of profile display;











































































The detailed design of a sampling program is in fact a skilled task and it is particularly
desirable in each case that the sampling and analysis techniques adopted be selected with a view
to providing only sufficiently meaningful results to facilitate decision making.
In general terms it is not possible to state the number of samples that may be required
to adequately categorize the water column or sediment mass being investigated. However, if it is
desirable to apply statistical analysis to the sample data then experience suggests that, in most
work
dealing with Great Lakes situations, a coefficient of between
10 and 20 percent,
incorporating both spatial and analytical errors, can be considered acceptable.T
5.2.2.1 Sampling of the Water Column
When sampling the water column overlying the sediments to be dredged or those to
be blanketed in a disposal area, the seasonal variations must be fully recognized. lf isothermal
conditions exist, the vertical component may be adequately described using depth-integrated
samples whereas if the dredging is to take place during a period of thermal stratification it will
likely be necessary to sample the epilimnion and hypolimnion waters separately. Some sampling
techniques permit measurement of certain parameters in-situ whilst others necessitate
T P.G. Sly “Statistical Evaluation of Recent Sediment Geochemical Sampling” to be presented at the Ninth





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































survey ship are necessary.
i P.G. Sly. op cit.
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 In new work projects it will occasionally be necessary to sample consolidated
sediments and even to locate the depth to bedrock. Low frequency acoustic profiling or seismic
reflection profiling methods may be useful for general definition of substrata formations but if it
is necessary to obtain samples regular exploratory drilling practices will have to be employed.
5.3 SOCIO-ECONOMIC CONSIDERATIONS
The Great Lakes basin and its immediate surrounds is one of the more important
economic areas of the world. With a 1970 population of about 35 million, the Basin is a centre for
heavy industries including steel, chemicals, paper, food products, machinery, transportation
equipment and general metal products. Production of steel, for example, is some forty percent of
the US. output and eighty percent of the Canadian production. The area is characterized by a very
high level of urbanization. Service activities have become a major source of employment and
income in addition to the manufacturing industries. Primary activities, particularly mining,
forestry and farming continue to be of major importance within the Basin.




























































































































































































































































































































































































































































































































































































































































































































































































































































T op.cit, Table 5-2.
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 TABLE 5—3
Cost of Operation Per Day Per Capacity Ton (2000 lbs.)
(Estimated 1975 cost in cents)
Ruling depth, metres
 
Class of vessel 9.1 8.8 8.5 8.2 7.9 7.6 7.3 7.0 6.7, 6.4 6.1
4 78 78 78 78 78 78 78 78 82 87 92
5 60 60 60 6O 60 60 63 67 71 75 80
6 48 48 48 48 51 55 58 61 65 70 75
7 4O 4O 42 44 46 48 53 56 61 65 71
Notes:
i) Costs of operation for 1975 have been approximated by
extrapolation from the original data.
ii) Assumed freeboard is 0.46 metres under all vessels.
iii) Assumed operating season is eight months.
iv) Vessel characteristics are those of U.S. vessels used
in the iron ore trade as follows:
Class of Max. Capacity Draft at Average
Vessel Max. Capacity Speed
(short tons) m. k.p.h.
4 12,500 6.5 26






















































































































































































































































































































































































































































































































































































































































































































































































































































































on shipping costs in the Great Lakes.






























































5.3.1.2 Mining and Land Reclamation
Dredging of some 970,000 m ‘, or just over 10 percent of the total annual volume in the
Great Lakes, is carried out for mining and land reclamation purposes but of this total only a very
small quantity is borrowed for the creation of new land. Most such mining is for supply of
construction materials which consist generally of aggregate-quality sands. Since construction
materials are an essential requirement, a restriction on the overall amount of dredging for this
purpose would result in a shift to already limited land-based sources at higher economic and
environmental costs. A project-by project consideration of dredging as a mining activity should
include an evaluation of all costs, economic and environmental, of acquiring similar materials
from alternative sources.
‘3'
Confined Disposal Facility at Pointe Mouillee for Detroit and Rouge Rivers, Final Environmental Impact Statement
US Army Engineer District, Detroit, Michigan, March 1974.
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5.3.1.3 Fishing and Recreation
Dredging for fishing and recreation purposes is of minor overall significance. It
consists mainly of maintenance dredging in commercial fishery harbours, capital dredging for the
construction of new marinas and rehabilitation of old harbours for recreational purposes.
Commercial fishing in the Great Lakes basin remains a locally significant economic
activity. However, during this century, and particularly over the last twenty years, major changes
have occurred in the fishery resources of the Lakes. Fish considered to be prime species such as
lake trout, lake herring, Whitefish and walleye have suffered near extinction or at least a
significant reduction in abundance while other species, such as smelt and alewives have thrived.
Identified causes for such changes include overfishing, the invasion of sea lamprey and alewives,
introductions such as smelt, changes in land drainage and pollution. It is impossible to determine
how much of the overall change is due to pollution alone. It is similarly impossible to quantify the
effects of environmental changes imposed by dredging on the fish population.
U.S. commercial fishermen harvested 50.6 million kg from the Lakes in 1973 with a
value of $17.6 million. Comparable Canadian figures are 21.9 million kg with a value of $9.2
million.
Since only a few of the regular fishing harbours now in use require maintenance
dredging, any reduction of dredging activities would have a minor effect on commercial fishing.
Recreation is an activity of great significance in the Great Lakes basin. An approximate
estimate of the value of production of the tourist industry in recent years amounts to $1 billion.
Some indication of the extent of recreational use may be derived from recent estimates of Ontario
sports fishing which indicate some nine million angler-days were spent on the Great Lakes and
connecting channels in 1970, and accounted for expenditures of about $60 million.
Most of the dredging undertaken in support of the recreation industry is required for
the creation of new marinas and harbours of refuge. A reduction in dredging activities for this
purpose could result in a slower expansion of facilities and in a shift to areas which do not require





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































to achieve optimum solutions.
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 While the deleterious aspects are frequently emphasized, dredging operations can
have beneficial effects on lake ecology. Examples include the creation of additional wetlands and
the improvement of habitat through removal or blanketing of polluted bottom materials.
The impact of a dredging or disposal activity on the surrounding environment is
influenced by many factors. Those that are more commonly recognized include: the nature and
quantity of material to be handled, the equipment and techniques employed in the removal,
transportation and disposal of the dredged material as well as the history and characteristics of
the dredging and disposal sites. In identifying the aquatic environmental impacts which are
experienced at the sites of dredging activities, it must be recognized that these same locations are
being subjected to other, concurrent, man-induced and natural stresses. Quantification of these
impacts is a developing science and many aspects cannot yet be adequately defined. Information
specific to the impact of dredging and open-water disposal on biological communities in the Great
Lakes is extremely scarce.
Although dredging followed by open-water disposal of materials is a well-established
procedure, the aggregate effects of this activity together with the waste disposal practices of lake
communities are being viewed with concern. Furthermore, all water management practices must
be examined critically, to ensure that returns from expensive remedial measures to control some
practices are not jeopardized by shortcomings in others. This is certainly the case in open-water
dredged material disposal, where both nutrients and toxic substances, are redistributed to
interact adversely with biological communities. Since both nutrients and toxic substances are now
included in early-stage point-source control programs, it is appropriate to determine if open-water
disposal practices are counter-productive to management for water quality improvement.
































































































































































































































































































































































































































































































































































































































   
  
    















































































































































































































































 preservation of desirable aquatic communities. As a consequence, the potential for damage to
benthic and aquatic resources caused by the dredging phase is greater in the case of new work
than for maintenance dredging. On the other hand, the potential for causing environmental
damages as a result of the disposal operation is greater in the case of maintenance operations
because those dredgings are more likely to contain harmful contaminants.
As already noted, the dredging process involves three interrelated procedures: the
excavation, transport and disposal of the dredged material. By definition, each activity involves
disturbance of in-situ conditions and hence environmental change. The extent and intensity of
phySical disturbance will be functions of the material being dredged and the type of plant utilized
whereas the biochemical severity of the environmental impact on the biota will be determined by
the nature of the existing ecosystems at each of the locations involved.
While the environmental effects of dredging and materials disposal could be classified
in different ways, a short-term, long-term differentiation has been found to be appropriate. In























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































sediments are being dredged or where excessive turbidity is unacceptable. The additional cost of
dredging under such constraint, however, may be significant due to the decreased pay load and
extra travel time between dredging and disposal sites. Nevertheless, tests carried out by the Corps
of Engineers in Saginaw Bay, Michigan in 1968 indicate that, at least for the very fine-grained
materials present at that site, conventional loading practice with hopper dredging plant resulted
in approximately
the same




ln non-polluted harbour and open-water areas where dredging for navigation or
aggregate recovery takes place, the creation of excessive turbidity and disturbance of the benthos
may be significant. Increased turbidity is usually a short—term effect and tends to be more severe
in flowing channels than at quiescent lake sites, but colloidal and flocculated materials, in
particular, will remain suspended and travel considerable distances before resettlement even in
very low energy currents. Nevertheless, fish mortality (which can result from clogging of the gill
filaments and opercular cavities) is unlikely at suspended sediment concentrations found even at
dredging locations. Tests in an Alabama estuary indicated that there was no significant mortality
or debilitation in either fish or shellfish during dredging. Dredging activities in shallow bays and
lagoons did not increase oyster mortality and apparently had no effect on spawning and setting.
While dissolved oxygen reductions in the water column at the sites of dredging operations have
been observed they have generally been of short-term duration and limited significance. Providing
the water remains aerobic, however, the exchange of constituents between such resuspended
sedimentary materials and the water is minimal.
Although there is, to date, very little precise information available concerning the
release of nutrients, gases and toxic materials into the water column during sediment excavation,
it is generally considered that dredging of significantly polluted sediments is of limited
environmental consequence. Indeed, by increasing water circulation and reducing the rate of
oxygen depletion, the long-term effects are more likely to be beneficial. In a few cases, however,
where heavily contaminated materials were excavated adverse environmental effects have been
reported. A mass mortality of sticklebacks and shiners associated with the dredging of cedar bark
deposits has been observed in Alberni Harbour, B.C.
Measurements taken before, during and after dredging at Port Stanley, Ontario in
1974 indicated that both total and reactive phosphorous concentrations increased in the water
column and that some release of heavy metals appeared to have taken place. However, since the
concentrations of heavy metals in the overlying water during dredging were not significantly
higher than before dredging commenced, the amount released was not considered to have been
demonstrated unequivocally. Higher concentrations were, nevertheless, measured after dredging
was completed.
Biological determinations at Port Stanley indicated that removal of the substrate
resulted in extensive depletion of the macroinvertebrate population. Resampling six weeks after
completion of the eight-week long dredging program showed that, while the copepod population
had recovered to pre-dredging numbers, oligochaetes were present at a level of less than 15



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 5.4.3.1 Open-water Disposal
While open-water disposal of dredged sediments can be expected to cause some
environmentally adverse effects in the disposal area during the dumping process, a number of
potentially beneficial results of this disposal practice can also be identified. In situations where
the sediments being dredged are suitable as to size gradation and freedom of toxic contaminants,
such effects include beach nourishment and enlargement, creation of improved fishery habitat,
construction of hydraulic landfills and blanketing of more heavily polluted bottom sediments.
Nevertheless, it is now recognized that the practice of dumping dredged material, even
in designated deepwater areas can lead to water quality degradation. Even if the material is not
contaminated sufficiently to warrant its complete removal from the aqueous environment,
open-water disposal may still be unacceptable in areas where blanketing of the benthos will result
in elimination of, or damage to, the fishery habitat or in the reduction of light penetration which
would result in a significant decrease in the photosynthetic productivity.
In terms of the physical effects, turbidity increases and blanketing of bottom areas are
the most evident. The size of a turbidity plume in a given situation will depend on the rate of
volume displacement of sediment and the intensity of currents in the area of disturbance. While
very little can be done to avoid turbidity effects, experimental trials have been made with
temporary curtains surrounding the disposal area to reduce the spread when dumping from
surface scows. The procedure, if effective at all, is applicable only in quiescent conditions. If
avoidance of excessive turbidity within the epilimnion is of principal concern, dredged material
could be transported to the disposal site by pipeline and deposited near the bed.
The results of blanketing bottom areas are most often biological in nature and are
discussed hereinafter. However, long-term physical benefits of this procedure include isolation of
contaminated sediments in-situ from the surrounding aquatic environment and the formation of
disposal mounds which may provide refuges for fish populations.




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 of Cleveland Harbour and Cayuga River sediments in Lake Erie increased the benthos in most of
the disposal zone just after commencement of dumping but, with continued disposal in the same
location, populations decreased, suggesting both toxicity and lateral spreading of materials. It was
also shown that the total number of benthic macroinvertebrates and species diversity were
severely reduced at a dumping ground used for organic sludge and debris. The Sandy Hook Marine
Laboratory found the New York City disposal site for sludge and dredged sediments to be
completely devoid of benthic organisms. However, in this case, the extent of damage caused by
the dredgings alone was difficult to determine because industrial and sewage sludges were also
being dumped in the same area.
The responses of two benthic macroinvertebrate community components to disposal
at the Port Stanley site are illustrated in Table 5-4.
TABLE 5—4
Effect of Dredged Materials Deposition on
Chironomid/Oligochaete Sample Population Numbers.
Before During Immediately One Year
Dredging Dredging After Dredging After Dredging
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 a similar interval prior to commencement of the 1974 dredging activities, a study covering the
disposal area and a reference region was conducted. Abundance was generally less by some 60
percent than that indicated in fall 1973 catches, but all areas appeared to have reasonably
abundant and homogeneous species distributions. Fish were sampled again in 1974 during the
period of disposal. Generally, rainbow smelt dominated the catches, followed by emerald shiner,
alewife and gizzard shad with the greatest abundance of fish evident near the bottom.
Preliminary analysis of the Lake Erie data indicates at least localized changes in the
distribution of pelagic fish. Cessation of dredging activities resulted in resumption of normal
distribution patterns. Although only the short-term and within-season effects of dredging have
been examined, the data suggest that alterations are related directly to the specific dumping
events.
5.4.3.2 Unconfined Disposal on Land
Land disposal of dredged material in unconfined locations may be used beneficially to
enhance beach areas, create wetlands habitat or reclaim additional land areas for parks or other
development purposes. When the disposed material is very fine-grained with poor engineering
properties, the reclaimed site may subsequently have very limited utility. If the material to be
disposed contains toxins or persistent contaminants an unconfined disposal site will usually not
be considered acceptable.
ln all cases, it is necessary that the interim and ultimate utilization of the disposal site
be carefully considered before dumping commences. The engineering properties of the materials
to be dredged must be assessed and planning of the disposal site recognize any limitations that
may be imposed by material characteristics. Beach nourishment projects require materials having
a low percentage of fine-grained constituents. Project design aspects include an evaluation of the
wave
and





stabilization structures, such as groynes, to retain the desired configuration and assessment of
the various alternatives for distribution over the disposal area, especially if it is to be used several













































sediments, potential health hazards to the anticipated waterfowl inhabitants.
Land
reclamation projects utilizing dredged material must






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Operations. The Board has indicated that the designation of a mixing zone is the responsibility of
the appropriate jurisdiction, although the Board does not believe it is necessary recognizing the
Short-term nature of the impacts of dredging activities. The second question related to
assessment of the contribution of dredging to nutrient loadings in the Lakes, with particular
reference to phosphorus. The Board has indicated in its reply, which is reproduced as Appendix
D herein, that this matter will be dealt with as appropriate through amendments to Annex 2 of
the Water Quality Agreement following completion of research into availability of phosphorus in
sediments.
It must be recognized that many of the impacts likely to arise can have both positive
and negative aspects when considered with respect to different uses and, moreover, may offer
both amenity and disamenity effects with respect to the same use when characterized as either
short- or long—term impacts. Sub-lethal effects upon the benthos and lower-order species of
aquatic organisms may become lethal to higher-order species over the long-term. Some impacts
are discernible only overthe short-term but residual effects may nevertheless persist such that
aggregation of a series of similar impacts could impose long-term constraints upon the viability
and stability of the biologic community. Physical changes at a specific location may trigger a chain
of regime alterations which would result in destabilization of the coastline or bedform at some
distance from the site of the primary modification.
In evaluating how best to proceed with a dredging project, each use and the potential
influences of a particular course of action must be weighed and compared amongst the
alternatives available. Whilst the principle of “least cost” will undoubdtedly continue to be
overriding in most public works, it is the opinion of the Working Group that for dredging projects
the criterion should be an “optimization of net benefits”. Although the proponent of a dredging
project will continue, as in the past, to have a particular purpose in view, to accomplish the work
in an environmentally acceptable and socially optimum manner will require evaluation of all
practical alternatives.
It is apparent from this review of dredging activities and of the potentially deleterious
and beneficial aspects which may arise, that there are too many variables involved to provide more
than general guidance for project evaluation. It is, therefore, recommended that future
evaluations of dredging projects be site-specific, bearing in mind that the water quality objectives


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 subsequent absorption into the food chain is a classic case of biomagnification leading
to toxicity.
In Table 61, following, the foregoing environmental concerns are related to the Great
Lakes. The table is divided into two parts. The first part deals with man’s use and enjoyment of
the resources for recreation, water supply, shore property, navigation and materials recovery. The
second part addresses concerns from the viewpoint of the ecologic resources and relates to the
conservation of an environment capable of sustaining a healthy, diverse and balanced ecosystem.
Quite obviously, for the purposes of this report, it is impractical to treat all of the
inter-relationships and dependencies which may arise in comprehensive detail. However, the
illustrative examples and comments presented are indicative of the broad spectrum of direct and
indirect impacts which should be assessed in the project evaluation process.
TABLE 6—1
SUMMARY OF ENVIRONMENTAL CONCERNS










































unacceptable levels for sports
involving whole or partial body
contact. Effects are likely to be
marginally harmful and of short
duration.
Nuisance effects are primarily
aesthetic, usually transient and
often unavoidable. Over the
long-term, dredging may result in
improvement of conditions in

































may result in direct economic
losses to resort operators, and
indirect losses to the public
through use denial and through
substitution of less-favoured or
more costly alternative sites. On
the other hand, use of suitable
dredged material to create new or
improved facilities may in the
longer-term provide benefits
which more than affect any
temporary losses.
As for 1.1, degradation of
water quality may occasion
temporarily public health
hazards.
Potentials for improvement or
or degradation of habitat
exist in both dredging and
dredged material disposal
operations. Prolonged or excessive
disturbance may affect resource
use with resulting direct economic
losses to resort owners and
indirect losses to the public.
Gradations of aesthetic
quality of the resource may
affect the recreational value
— difficult to quantify gains
or losses unless impacts are
severe.
2.0 WATER SUPPLIES






and creates an increased demand





oxygen. In critical situations this
can lead to the redissolving of
trace metals and organics in
concentrations greater than those
considered permissible or
desirable for public water
supplies.
Dredged material disposal should
not be permitted within the zone
of influence of water supply
intakes.
Nuisance Both physical and chemical
effects can be experienced -
blocking of intakes, increased
turbidity, reduced dissolved
oxygen, colour, taste and odour
problems.
More frequent monitoring of
water quality may be required.
Resource availability In situations where treatment
capacity is limited, temporary loss
or impairment to an unacceptable
aesthetic quality may result.
Dredging may be presumed to
improve intake conditions.
Utility Additional capital, maintenance
or operational costs for system
restoration may be required.
Non-budgeted costs may affect















































































































public supplies, do not






















































































impairment may restrict use of
the resource, and if unavoidable




































stringent than for public
water supplied for such






































utility of the resource if


























































material or reduced in area
by dredging. Utility value
can thus be enhanced or
decreased, depending upon
design criteria adopted for
ultimate long—term use of
onshore and alongshore
disposal sites.
Use of dredged material as a
topsoil dressing on agriculture,
park and forest lands may
increase or depress fertility
depending upon the
concentrations of various organic
and inorganic constituents
present.
Mostly only of a short-term nature
during dredging activities.
Disposal aspects may be
incompatible with adjacent land
uses and constitute a liability or
less seriously a continuing
nuisance.
Changes in bed configuration may
lead to flow and regime changes
that affect the stability of nearby
shore property.
Reclaimed land consisting of
hydraulically-placed dredge
materials may pose a safety
hazard of short or long-term
duration. Fencing to keep the
public away until adequate
consolidation has taken place
may be necessary.
Dredged materials may contain
toxic substances, viruses and
bacteria. Infection of birds and






















toxins concentrated by plant





























































































































Loss of resource could






















in busy shipping lanes that could































































































considerably greater in areas
restricted manoeuverability
or congestion. May be important
in considerations of maintaining









Aggregate mining Resource availability Potential environmental concerns may limit
resource availability e.g. proximity
of fishery habitat or water intake.
Utility Loss of resource may result in
less economic or suitable
resources being mined instead
with different and potentially
greater environmental impacts.
5.2 Borrow materials Resource availability Similar to 5.1
Utility
5.3 Dredged materials Resource availability Dredged material may provide
Utility economic opportunities for
creation of new land for building,
parkland or wetlands. The utility
of this resource use should be
weighed against loss of the
resource and the environmental
concerns involved in its
utilization. Certain materials may














light penetration and consequent
loss of aquatic food production;
factors that can cause chronic











































































































































































































































require consideration of the































































beneficial or adverse to the
ecosystem.
Mercury conversion by
by bacteria from insoluble to
soluble forms and subsequent
asorption into the food chain is
the classic example of
biomagnification leading to
animal toxicity. Analyses of
materials to be dredged are
needed to evaluate potentials for









































foraging locations may all be
factors of concern. Environmental
impact reviews should pay
particular attention to such
matters that are site-specific.
Each aspect can be enhanced or
damaged depending on project
conditions.
 Resource Aspect Environmental Concern Remarks
6.3 Migration of Resource availability If project is situated on a
Species migratory route, mouvements
can be affected by sensory
factors (noise, increased
turbidity etc.) physical





7.1 Species and Community viability The health of the species
population‘l‘ concerned is dependent on
if the proposed dredging habitat
suitability. Thus, activities affect
the habitat, the health of wildlife
in the project area will be
affected. A likely example is the
disturbance of the food chain as
a corollary to concerns expressed
under 6 above.
Noise and general disturbance
effects may be significant in
critical areas such as parks and
bird sanctuaries.
 
Biomagnification Similar to 6.1 above. Mercury
Potential ingestion by birds through the
food chain originating with
aquatic organisms has been





























































































dredged material disposal is
marshland habitat. Opportunities
appear to exist for development of
























judicious use of suitable dredged
material.
Damage to or disturbance of
existing habitat, including
breeding and nursery areas,






























pathways on traditional migration























































































































































































































































































































































































































































provide a consistent basis for the correlation of experience.
The data required will be determined by the specific nature of the project and from
consideration of the purposes to be served by such information. Although each project will possess
—120—






















Determination of Information Check List
Requirements for Assessment of
basis is to enable site Information
Preliminary Planning-Project specific assessment of ‘E——u N d
. 2e 5
Alternatives duration (short term/
long term), intenszty 6
i) proposed operations (sub-lethal/lethal), and
.. direct/indirect nature of ExPerience
11) proposed plant ,
impacts with respect to
 
i ) standards
ii) objectives and criteria
iii) guidelines and experience
as to best practice
 
 
[ Design Modifications (if.req.) ﬁ}(———-—————
 









[ Final Design }‘—‘—‘
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volume of material to be dredged
frequency of dredging — future — past
location of disposal site(s)
alternative use(s) of dredged material in area
schedule
proposed plant and operating procedures.
limits of dredging
bathymetry
















~ littoral drift and shoreline erosion
— depth and rate of recent accumulation
contaminant sources
— point sources and nature












































































































depth of thermocline (include seasonal variations)








disposal site (foreshore or upland)
— location
— exposure ~ (wave climate/winds).
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 — littoral currents
— site and proximate environs
— topography
drainage
groundwater table and connections
property ownership
land use — current
- planned












— additional requirements for any of
above (landscaping, planting, etc.)






— lake level variations
— seasonal
— long—term
l—5 Confined Disposal Site
— location






































 — land use — current
— planned
— foundation conditions


























— control of -
stability





detention time for supernatant
drainage





birds and animals (if toxins
liable to bioconcentration).
odours
— planned site development and ultimate usage




































- coefficient of active soil pressure
— coefficient of passive soil pressure
















— undrained shear strength — undisturbed
— undrained shear strength — remoulded
— cohesion
— angle on internal friction
— unconfined compressive strength
— bearing capacity
— consolidation and settlement
— coefficient of volume change
— coefficient of consolidation
— time rate of consolidation
ll—3 Biological and chemical parameters“=
(as related to open water quality, sediments and the
interstitial water within the active biologic zone of bottom















— gross Beta activity
— radium — 226












































































































































— methylene blue active substances (ABS, LAS etc.)
— oil and grease
— phenolic substances
— rodenticides
— total organic carbon
Soil mechanics terms are usually defined as presented in “Standard Definition of Terms and
Symbols Relating to Soil Mechanics” American Society for Testing and Material
Specifications D653-64. Geologic terms are defined as in “Glossary of Geology and Related
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































the results of basic
research
investigations initiated
concurrently with the studies of the Working Group will be brought to a conclusion. At this time
it is not possible to predict the results which may ensue. However, it is likely that, as the weight
of evidence accumulates from these research programs, a sounder scientific basis will be
established for evaluation of many concerns which at present must be determined from
experience judgement. Nevertheless, the Working Group is of the opinion that the effective
formulation and evaluation of projects will continue to require the application of experience and
sound judgement to achieve a consistent and compatible approach, as is desired between the
various jurisdictions and agencies having responsibility for dredging activities.
Public participation in the evaluation processes is required by some jurisdictions and
is optional in others. This aspect is not of direct concern to the Working Group, although it
acknowledges the specific responsibility for public involvement placed upon the U.S.
Environmental Protection Agency. Nothing herein should be seen as excluding appropriate public
participation as required by the different authorities: however, as the requirements differ,
responsibility for determining appropriate action in this regard is left to those directly
responsible.
As has been discussed elsewhere in this report, many impacts are conceptualized but
cannot be rigorously evaluated on a site-specific basis. Hence in the activity diagram of Figure 6-A
a feedback-loop expressing the “experience knowledge” gained through project surveillance and
monitoring as well as from ex postevaluation of conditions is indicated. It still seems probable
that the significance of many of the identified impacts can only be consistently evaluated if
opportunities to measure impacts have been recognized and the experience is systematically
recorded.
Many aspects, such as those relating to long-term impacts, aesthetic values and
similar intangibles will remain unquantifiable. Although there are various approaches to
evaluation of such concerns between project alternatives, one which commends itself to the
Working Group is the use of an environmental matrix in which the judgement of various
professionals can be applied on a systematic and consistent basis. One form of such a matrix
evaluation is described hereinafter.







































































































































































































































































































































































































































































































































































































































































































































































































































































anticipated gain by spoil disposal.


















potential taking into account the physical and chemical
classification of bottom sediments, circulation currents and



























Commercial/Industrial - as above.














































































































































































































     
a. Total (+)
b. Total (—)






























































































































































































































































































































































































































































































































































































































































































composition and abundance (Le. diatoms in open water, chlorella
and blue-green in slack water).
Boating - determination based
upon expanded
or reduced quality
opportunities; to include safety, manoeuvreability, etc.
Hunting - determination based upon change in hunting patterns and
opportunities.
Fishing - determination based upon expanded or reduced quality
opportunities.
Body Contact Sports - determination only upon degree of quality
opportunities for swimming, water skiing, etc.
Scenic Views & Vistas ~ arbitrary determination based upon degree of
diversity.
Wilderness Quality - based upon extent and scope - also accessibility.
Open Space Quality - determination as to spatial relationship of users.
Unique Physical Features - determination based upon loss or gain of


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































—five—year basis, and a minimum






it will be incumbent
upon
the
regulatory agencies to recognize their responsibilities for supporting any investigations they may
require on a compatible schedule and for making all relevant background information available
in good time to the project proponents.
The financing of dredging projects must also be addressed. lf the principle that
environmental protection be considered as an element in the evaluation of a project which must
also aim at maximizing net socio-economic benefits is accepted, it will be essential to determine
the basis for cost allocations between purposes and to develop a workable basis for project
financing.
It will be recognized that the majority of dredging activities are primarily intended for
the maintenance and improvement of navigation facilities. The use of dredged materials to create
a wildlife facility for example, may, in a particular situation, provide an acceptable means for
disposal of dredged material which increases the net benefits to society. However, the new facility
may also increase the project cost to the proponent agency. Moreover, it may not rank highly in
the priorities of the agency responsible for such facilities. It the dredging cannot be postponed,
the wildlife agency, possibly of another administrative jurisdiction, may be the accidental
beneficiary of a facility for which it has not budgeted funds, either for supplementary amenities
or for operational management.
The introduction of a longer planning cycle will assist in resolving some such conflicts
between uses of dredge material. However, the question of financing, and of continuing
responsibility for disposal facilities requires further consideration at the administrative levels in
the different jurisdictions.
Even though environmentally acceptable determinations may be carried out and
integrated into project design, it appears from recent experience that there will be a continuing
need for close supervision during the project execution phase by boththe proponent and the
regulatory agencies to ensure that the intent is achieved. This requirement may be reduced as
field personnel and contractors become familiar with environmental requirements. However, for
some time it will be desirable to provide surveillance by qualified personnel to accumulate
definitive experience data.
An intensive research program is continuing. (See Appendix C.) Amongst other aspects
these investigations include development of new dredging plant, operational procedures and the








































































































































































































































































































































































































































































Great Lakes dredging activities to maintain navigable depths in main channels and
commercial ports, to improve and extend small boat harbours and to recover materials for
construction purposes must continue. Currently, these activities involve removal of about 10
million cubic metres annually and it is anticipated that dredging of at least this volume will
continue indefinitely.
Much of the maintenance dredging is for removal of deposits in protected harbours.
Despite the joint programs of the United States and Canada to reduce point-sources of
contaminants, it is expected that such deposits will continue to exhibit significant levels of cultural
pollution deriving from diffuse sources which are less amenable to direct control. it is anticipated,
therefore, that potentially harmful levels ofcontaminants will continue to be present at many
dredging locations.
Until the recent past, no special concern was identified in connection with dredging
operations, and it was common practice to dispose of the dredged materials at open-water sites
or the nearest convenient lands and swampy areas. More recently environmental concerns have
led to the protection of remaining wetlands habitat and the banning of open‘water disposal of
materials classified as polluted.
Current criteria adopted by the US EPA and Ontario Ministry of the Environment for
the classification of dredged materials, however, have not been correlated with the physical and





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 The evaluation of environmental
impacts must recognize
theparticular aspects of a
project and of the local environment. Hence, it is appropriate to provide compatible guidelines,
which
allow for the application of internationally adopted criteria, in terms of a sitespecific
interpretation of the environmental and socio-economic amenities and disamenities of each
project.
The imposition of responsibility for environmental protection upon dredging activities
is leading to a substantial increase in the cost, both for investigation and execution. At the same
time, opportunities are being recognized at many locations to utilize much of the materials
dredged for navigational purposes to create facilities and amenities which enhance, rather than
degrade the environment. There is a need, therefore, to take advantage of such opportunities as
will, when evaluated on a broad socioeconomic basis, increase the net benefits from dredging
projects.
The conclusions of this study involve a broad range of interrelated aspects. Many of
the detailed considerations separated from the context of discussions presented in the main body
of the report throughout Chapters 2 to 7 would not be meaningful. For those directly concerned
with project evaluation and execution, it is recommended that particular attention be given to the
discussions of dredging practices in Chapter 3, the engineering, economic and environmental
aspects discussed in Chapter 5 and the guidelines for project evaluation in Chapter 6. Hereunder,
without priority by order, only the major conclusions leading to the detailed recommendations are
highlighted.
0 It is apparent from a review of the traditional practices being followed prior to
the 1970’s that the comparative freedom of choice to dispose of dredged
materials in open water in the Great Lakes did not impose rigorous requirements
for precise definition of the sediment characteristics. Past experience provides
a very limited basis for evaluation of environmental factors nor of their
engineering considerations relevant to design of future projects.
(cf. Section 5.1)
0 The potential pollution hazards due to dredging are related to the physical
characteristics of the sediment as well as to its biological and chemical
properties. The environmental aspects can only be reviewed satisfactorily when
information on all such relationships is available. It is, therefore, most important
that all agencies have access to developing and future data bases to allow for the
















































































































































































































































































































































































































































































































































































































































































































































































and substrate disturbances. However, plant and operating procedures should be
considered with respect to various short-term aspects of environmental
concern.
(cf. Section 3.3)
The consideration of project alternatives, of the beneficial utilization of dredged
material and of permanent works to reduce or eliminate maintenance dredging
requires more lead time than has been provided. It is apparent that five-year
program forecasting, which would include most maintenance and major capital
dredging, can be provided. From annual updating of such forecasts a reasonably
firm indication of programs should be established at least two years before
execution is required which will allow for detailed project formulation taking fully
into account considerations of environmental concerns.
(cf. Chapter 7)
There appears to be no lack of legislation in either the United States or Canada
as may be required to implement the procedures recommended herein for
programming, assessment and control of dredging activities. However, there
may be a need to modify regulations and improve administrative procedures to
implement the intent. Nor are there any prohibitions apparent in the legislation
which would hinder their adoption.
(cf. Chapter 2)
The question of financing, and of continuing responsibility for disposal facilities
requires further consideration by the different jurisdictions. It will be essential
to determine the basis for cost allocations between purposes and to develop a
























































































































































































































































































































































































































































































































































































































































































































be encouraged to investigate advances in dredging technology and the
availability of materials such as nutrients and
potentially toxic substances as
related to dredging procedures and
to define specifically the nature of such
impacts.
Project proponents retain appropriate technical competence to ensure the
recognition of all potential environmental impacts and the adjustment of
proposals as well as to facilitate their audit by the appropriate regulatory
agencies.
Administrative procedures be adapted to provide a forward indication of
dredging requirements on a running five-year basis and a minimum of two years
between commencing detailed project formulation and actual execution.
Project financing policy for multipurpose dredging projects be addressed by the
relevant authorities.
Finally, it is recommended, that:
A standing committee be established:
to ensure the compatible implementation of the guidelines for
environmental assessment as presented herein,
to review the effectiveness of the quidelines in maintaining water
quality as a result of dredging operations,
to encourage the exchange of information from both experience and
research, and
to recommend, from time to time, changes in criteria and guidelines





THE FOLLOWING ARE EXCERPTS FROM THE AGREEMENT
BETWEEN THE UNITED STATES OF AMERICA AND CANADA
ON GREAT LAKES WATER QUALITY WHICH ARE RELEVANT































































The Government of the United States of America and the Government of Canada,
Determined to restore and enhance water quality in the Great Lakes System;
Seriously concerned about the grave deterioration of water quality on each side of the
boundary to an extent that is causing injury to health and property on the other side, as described
in the 1970 report of the International Joint Commission on Pollution of Lake Erie, Lake Ontario and
the International Section of the St. Lawrence River;
Intent upon preventing further pollution of the Great Lakes System owing to continuing
population growth, resource development and increasing use of water;
Reaffirming in a spirit of friendship and cooperation the rights and obligations of both
countries under the Boundary Waters Treaty signed on January 11, 1909, ' and in particular their
obligation not to pollute boundary waters;
Recognizing the rights of each country in the use of its Great Lakes waters;
Satisfied that the 1970 report of the International Joint Commission provides a sound
basis for new and more effective cooperative actions to restore and enhance water quality in the
Great Lakes System;
Convinced that the best means to achieve improved water quality in the Great Lakes
System is through the adoption of common objectives, the development and implementation of
cooperative programs and other measures, and the assignment of special responsibilities and
functions to the International Joint Commission;
Have agreed as follows:




















































































































































































































































































































































































































































































































































































































































uses of the water that the Parties desire to secure and protect;
(j) ‘State and Provincial Governments‘ means the Governments of the States of Illinois,
Indiana, Michigan, Minnesota, New York, Ohio, Pennsylvania, and Wisconsin, and the
















































































that enter the waters















adversely affect aquatic life or waterfowl;
(b)
Free from floating debris, oil, scum and other floating materials entering the waters as
a result of human activity in amounts sufficient to be unsightly or deleterious;
(c)
Free from materials entering the waters as a result of human activity producing colour,
odour or other conditions in such a degree as to create a nuisance;
(d)
Free from substances entering the waters as a result of human activity in
concentrations that are toxic or harmful to human, animal or aquatic life;
(e) Free from nutrients entering the waters as a result of human activity in concentrations
that create nuisance growths of aquatic weeds and algae.
ARTICLE III
SPECIFIC WATER QUALITY OBJECTIVES
1. The specific water quality objectives for the boundary waters of the Great Lakes System
















































































































































































































































































































































































































































































































































































dredging operations shall be conducted in a manner that will minimize adverse effects
on the environment.
2.
The Parties shall develop and implement such additional programs as they jointly
decide are necessary and desirable for the achievement of the water quality objectives.
3.
The programs and other measures provided for in this Article shall be designed to abate
and control pollution of tributary waters where necessary or desirable for the achievement of the
water quality objectives for the boundary waters of the Great Lakes System.
ARTICLE X
lMPLEMENTATlON
1. The obligations undertaken in this Agreement shall be subject to the appropriation of
funds in accordance with the constitutional procedures of the Parties.
2. The Parties commit themselves to seek:
(a) The appropriation of the funds required to implement this Agreement, including. the
funds needed to develop and implement the programs and other measures prowded
for in Article V, and the funds required by the International Joint Commission to carry
out its responsibilities effectively;
(b) The enactment of any additional legislation that may be necessary in order to


















































Parties as set forth in the Boundary Waters Treaty.
ARTICLE XII
AMENDMENT





















amendments shall be within the scope of this Agreement,
ARTICLE XIII
ENTRY INTO FORCE AND TERMINATION
This Agreement shall enter into force upon signature by the duly authorized
representatives of the Parties, and shall remain in force for a period of five years and thereafter until














































































enteric disorders or eye,
ear, nose,
throat and skin











level should be not less than 6.0 milligrams per litre at
any time; in hypolimnetic waters, it should be not less than necessary for the support
of fishlife, particularly cold water species.
Total Dissolved Solids.
In Lake Erie, Lake Ontario and the International Section
of the St. Lawrence River, the level of total dissolved solids should not exceed 200
milligrams per litre. In the St. Clair River, Lake St. Clair, the Detroit River and the
Niagara River, the level should be consistent with maintaining the levels of total
dissolved solids in Lake Erie and Lake Ontario at not to exceed 200 milligrams per
litre. In the remaining boundary waters, pending further study, the level of total
dissolved solids should not exceed present levels.
Taste and Odour. Phenols and other objectionable taste and odour producing
substances should be substantially absent.
pH. Values should not be outside the range of 6.7 to 85.
Iron (Fe). Levels should not exceed 0.3 milligrams per litre.
Phosphorus Concentrations should be limited to the extent necessary to
prevent nuisance growths of algae, weeds and slimes that are or may become
injurious to any beneficial water use.
Radioactivity. Radioactivity should be kept at the lowest practicable levels and in










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The Parties agree to consult within one year from the date of entry into
force of the Agreement, for the purpose of considering:
(a)
(b)
Specific water quality objectives for the following substances:
Ammonia Copper Oil





Refined objectives for radioactivity and temperature; for radioactivity the objective shall






The objectives adopted herein shall be kept under review and may be amended by
mutual agreement of the Parties.
Whenever the International Joint Commission, acting pursuant to Article VI of the
Agreement, shall recommend the establishment of new or modified specific water
quality objectives, this Annex shall be amended in accordance with such
recommendation on the receipt by the Commission of a letter from each Party
indicating its agreement with the recommendation.
ANNEX 2
CONTROL OF PHOSPHORUS































































































































(including the Niagara River)
(SHORT TONS PER YEAR)









































































Residual Load 6, 300 6, 500 5,200 5, 200 5, 300 2, 600
Input from
Lake Erie 4,800 4,800 4,800 4,800 4,800 4,800
Totals
BaseIoad 18,400 18,700 19,000 19,200 19,500 19,700
Reduction 400 900 2, 300 3, 900 5 , 600 9, 700




















constitute allocations to the two countries, but represent anticipated results of municipal and
industrial waste reduction and detergent phosphorus control programs.
6. Refinement of Data. The residual loads are based upon best available data. The
Parties, in cooperation with the State and Provincial Governments and with the International Joint
Commission, shall continue to refine these estimates to ensure a comparable data base. These
estimates are subject to revision upon agreement by the Parties to reflect future refinement of
the data.
7. Objective Of Programs. The objective of the foregoing programs is to minimize












































































































































































































27 , 000 27 , 600








Residual Load 25, 700 21 , 200 17,200 12, 500 12,300 11 , 500
Canada
Baseload 3, 300 3, 300 3,400 3, 500 3, 500 3, 600
Reduction 100 100 600 1, 400 1 , 400 1 ,400
Residual Load 3,200 3, 200 2,800 2,100 2,100 L200
Input From Lake
Huron 2, 300 2, 300 2, 300 2,400 2,400 2,400
Totals
Baseload 31 ,400 32 , 000 32, 700 33 , 500 34 , 200 34 , 800
Reduction 200 5, 300 10, 400 16, 500 17,400 18, 700






























































































































































































































































































































































































































































































































































































































































































































































consultation with the Parties and with the State and Provincial Governments, concerning:
(a) Total reductions in gross inputs of phosphorus achieved as a result of the programs

























































IDENTIFICATION AND DISPOSAL OF POLLUTED DREDGED SPOIL
1. Definitions. As used in this Annex:
(a) ’Dredged spoil’ means the solid materials removed from the bottom of water bodies
generally for the purpose of improving waterways for navigation; these materials may
include mud, silt, clay, sand, rock and other solid materials that have been deposited
from municipal and industrial discharges and from natural sources;
(b) ‘Confined area‘ means an area developed for the deposit of dredge spoil that precludes
the return of the dredge spoil to open portions of the waterway; the area may be located
in the waterway or on other upland sites and may consist of dikes, levees, bulkheads,
cells or any other type structure that will retain the material;
(c) ‘Open-water‘ means any part of the boundary waters of the Great Lakes System other
than a confined area;
(d) ‘Polluted dredged spoil’ means dredged spoil containing harmful quantities of oil,
hazardous polluting substances or other deleterious substances as designated by the
responsible regulatory agencies.































































































































 (a) Dredging activities should be conducted in a manner that will minimize harmful
environmental effects;
(b) All reasonable and practicable measures shall be taken to ensure that dredging
activities do not cause a degradation of water quality and bottom sediments;
(c) As soon as practicable, the disposal of polluted dredged spoil in open water should be
carried out in a manner consistent with the achievement of the water quality objectives,
and should be phased out.
3. Consultations. Upon completion of the review provided for in paragraph 2 above, the
Parties shall consult pursuant to Article IX of the Agreement to consider and act upon the
recommendations of the working group.
4. Interim Actions. Pending the development of compatible criteria and programs:
(a) Dredged spoil found by the appropriate regulatory agencies to be polluted shall be
disposed of in confined areas when they are available;
(b) The responsible agencies shall continue efforts to develop sites for confined areas.
AGREEMENT BETWEEN
CANADA AND THE UNITED STATES OF AMERICA
ON GREAT LAKES WATER QUALITY
APPENDIX I
REDUCTIONS IN INPUTS OF PHOSPHORUS IN LAKE SUPERIOR AND LAKE HURON
The Department of State refers to Embassy of Canada to Section 8 of Annex 2 of the
Great Lakes Water Quality Agreement between the United States and Canada. In that Section, the
United States and Canada undertook jointly to determine gross reductions in inputs of phosphorus



























































































































































































































The amounts shown as ‘residual loads‘ in the above tables do not constitute allocations
to the two countries but represent anticipated results of municipal and industrial waste reduction
and detergent phosphorus control programs.
The United States, in consultation with affected States, has reviewed the reductions in
phosphorus loadings to Lakes Superior and Huron recommended by the International Great Lakes
Water Quality Board, and believes that these recommendations prowde a desirable ba5is for an
agreement on reductions in phosphorus loadings to be sought in Lakes Superior and Huron.
Accordingly, the Department of State proposes that the Governments of the United
States and Canada agree to seek to obtain the gross reductions in inputs of phosphorus to Lakes
Superior and Huron as listed in the above tables, in implementation of Section 8 of Annex 2 of the






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Coastal Disposal Area Field Research
Collection & Assessment ol Data
on Open—Water Disposal Sites








Standardization, and Evaluation of
Environmental Monitoring
Instrumentation for the Aquatic
Disposal Research Proiect
Selection of Test Sites and DeSign
of Field Studies, Open7Water
Dredged Material Disposal Sites
Eatons Neck (New Vork) Field Study
An Investigation of the Hydraulic
Regime, the Meteorology, and the
Physical Nature of Bottom
Sedimentation in the Eatons Neck
Disposal Site
An Investigation 01 the
Water—Quality Parameters and the
Physico~Chemical Sediment
Parameters at the Eatons Neck
Disposal Site
Baseline Studies of Plankton,
Nekton, and Benthic Invertebrate
Populations of the Eatons Neck
Disposal Site
Columbia River (Oregon) Field Study
An Investigation ol the Hydraulic
Regime, the Meteorology, and the
Physical Nature of Bottom
Sedimentation in the Columbia River
Disposal Site
An Investigation of the
Water—Quality Parameters and the
PhySIco—Chemical Sediment
Parameters at the Columbia River
Disposal Site
Baseline Studies at Benthic
Invertebrate Populations at the
Columbia River Disposal Site
Baseline Studies of Plankton
Populations at the Columbia River
Disposal Site
UNITED STATES







NOAA, “ Rockwlle, Md.
lnterlaboratory team , WES
Dept. of Geology & Geophysms.
Yale UniverSity,
New Haven. Conn.
State University at New York
at Stony Brook, N.Y.
































US. Corps of Engineers
reflects the work completed and in progress as of 1
Funding
Level Status





57,000 Draft report being
rewewed




































Baseline Studies of Fisheries
at the Columbia River Disposal Site
Ashtabula (Ohio) Field Study
Galveston (Texas) Field Study
Movements of Dredged Material
Investigation 01 Mathematical
Models ior Predicting the PhySical
Fate of Dredged Material
Development oi a Model for
Prediction of ShortrTerm Fate of
Dredged Material Discharged in
the Estuarine EnVIronment
Koh—Chang Model on WES Computer
Assessment of Factors Controlling
the Long—Term Fate oi Subaqueous
Banks of Dredged Maternal
Lonngerm Sediment Transport
Research
Evaluation oi Kothhang Model
(Phase 1) and SenSitiVIty Analyses
Field Verification oi Koh—Chang
Model and Further SenSitiVIty
Analysis
Determination of Chemical Migration
Control Factors
Direct and Indirect Effects of
Sediment Organic Fractions on the
Mobilization and Immobilization oi
Various Contaminants During Dredging
and Disposal of Sediments
Study oi Mobilization and
Immobilization oi PestiCides into
Water Column During Dredging and
Disposal
Study oi Eh. pH. and DO Effects on
Chemical Constituent Migration
During Open—Water Disposal of
Dredged Material
Effect of DisperSIon. Settling. and
Resedimentation on Migration of
Chemical Constitutents During
Open—Water Disposal of Dredged
Material
Assessment of Aesthetic and
Ecological Significance of







Determination of the Vertical
Migration Ability oi Benthos in
Dredged Material Deposits
Application of Simulated Ecosystem
Modeling to Dredged Material
Research (Phase 1)
Availability of Sediment Absorbed
Heavy Metals to Benthos. with
Particular Emphasis on Deposit
Feeding lnfauna

























Effects of Dredging and Disposal on Aquatic Organisms
Living Marine Resources.
Inc.. San Diego. Calif.






























































































Study of the Availability of
Sediment—Absorbed Pestimdes (DDT,
Chlordane, Malathion) to Benthos
with Particular EmphaSis on
Deposit—Feeding Infauna
DeSIgn and Establish Estuarine
Ecosystem Simulation
The Effects of the PhySical
Characteristics of Suspended
Particles on Benthos (Particle
Concentration, Size Distribution,
and Shape): Comparison of
Geographical Races
Effects of Dredging and Dredged
Material Disposal on Benthos and
the Marine Environment
Pollution Status of Dredged Material
Development of Dredged Material
Disposal Criteria
investigation of Partitioning of
Various Elements in
Dredged Material
Development of Information Storage
and Retrieval System
Biological Assessment of Standard
Elutriate Test
Methodology for Assessmg the
Social, Economic, and EnVIronmental
Effects of Dredged Material Disposal
on Marsh and Upland Areas
Collection and Assessment of Data
on Land Disposal Sites and
Selection of Initial Test Sites
Design of Basic Field Investigation
Environmental impact of Dredging at
Crosby Slough
Nationwide Survey of Dredged
Material Disposal Sites in
Coastal Wetlands Areas
Containment Area Operation Research
Study of the Feasibility of the
Functional Use of Vegetation for
Slurry Filtering, Pollutant
Constituent Removal, and Dredged
Material Desiccation
Development of De5ign and
Construction Guidelines for
Dredged Material Retaining Dukes
Analysis of Functional Capabilities
and Performance of Pervious Dikes,
Sandfill Weirs, and Related
Effluent Filtering Systems




Development of Guidelines for
Containment Facility Design
Development of Concepts Using
Low—Ground—Pressure Construction
  

























Dept. of Civil Engineering,
Northwestern University,
Evanston, Ill.















































































Eqmpment for Containment Area
Operation and Maintenance
 
2C10 Demonstration of Dredged Material
Drying by Use of Vegetation
5E01 Landscaping Concept Development for
Confined Dredged Material Disposal
Sites
Task 3A: Aquatic Disposal Concepts Development
3A01 Investigation of Subaqueous Borrow
Pits as Potential Sites for Dredged
Material Disposal
3A02 State—ofathe—Art Survey and
Evaluation of Open‘Water Dredged
Material Placement Methodology
Task 4A: ArtifiCial Marsh and Island Creation
4A01 Study of Identification of Relevant
Criteria and Survey of Potential
Application Sites. Including Test
Sites, for ArtifiCiaI Creation of
Marshes
4A03 Survey and Evaluation of Marsh
Plant Establishment Techniques
4A04A Productivny of Minor Marsh Grass
SpeCies and Their Substrate
Selective Properties (Atlantic Coast
Area)
4A04l3 Productivity of Minor Marsh Grass
Species (Gulf Coast Area)
4A05 Modeling of Ecological Successwn
and Production in Estuarine Marshes
4A06 Physiological Response of Marsh
Plants to Envrronmental Stress
4A0? Concept Development and Economic
and Enwronmentat Compatibility
AnaIySIs of Underwater and Floating
Dredged Material Retaining and
Protective Structures
4A08 Development of Guidelines for
Material Placement in Marsh
Creation
4A09 Design and Establish Salt Marsh
Ecosystem Simulation
4A10 Brantord Harbor (Connecticut)
Field Study
4A1] James River (Virginia) Field Study
4A12 Sapelo Island (Georgia) Field Study
4A13 Bolivar Peninsula (Texas) Field
Study
4A13A Topographic Survey of Bolivar
Peninsula Habitat Creation Site
4A14 Grays Harbor (Washington) Field
Study
Task 48: Habitat Development Research
4801 Identification and Assessment of
Modes, Needs, Benefits, and
Constraints of Habitat Enhancement
4804 Essex (Connecticut) Field Study
4805 Columbia River (Oregon) Field
Study
Contractor or Mode of Conduct
Biological Water Puritication,




JBF SCIentific Corp ,
Burlington, Mass,




UniverSIty of Georgia Marine
Institute, Sapelo Island, Ga




SCIences, Univ. of Vll’glltlai
Charlotteswlle, Va.




Center tor the Enwronment














































































Regional Identification of Species
Affected by Dredging/Disposal
Operations
Assessment 01 SpeCIes' Habitat
Reqmrements and Responses of
Populations to Habitat Conditions
Study of Successronal Patterns of
Plants and Animals at Upland
Disposal Areas
Review and Examination of Disposal
Area Filling Techniques and Rates
to Identify Nonconflicting Wildlife
Enhancement Alternatives
Product Research
A FeaSIbility Study of Lawn Sod
Production and/or Related Activities
in Dredged Material Disposal Sites
Dredged Material Densrtication
Methodology for Dredged Material
Reclamation and Drainage
A Laboratory Study 01 Dredged
Material Slurry Water Loss Due
to Mechanical Agitation
Disposal Area Reuse Research
Concept Development for Appurtenant
Containment Area Facilities for
Dredged Material Separation, Drying,
and Rehandling
Concept Development — Field
Evaluation
Classification and Determination
of Engineering and Other Physical
Characteristics of Dredged
Material
Systems Cost Analysis of Confined
Disposal Practices
Study of Regional Landfill and
Construction Material Needs in
Terms of Dredged Maternal
Characteristics and Availability
Investigation of Legal, Policy,
and Institutional Constraints
Associated with Dredged Material
Marketing and Land Enhancement
Disposal Area Land Use Concepts
Some—Economic Aspects of Dredged
Material Disposal: Creation of
Waterfront Recreational
OPportunilies in Urbanized Areas
Treatment of Contaminated Dredged Material
Assessment of Chemical, Phy5ical,
and Biological Processes for
Treatment of Dredged Material
Laboratory Treatability Studies of
Polluted Dredged Material
Turbidity Prediction and Control Research
Laboratory Study Related to
Predicting the TurbidityAGeneration
Potential of Sediments to be Dredged
Nature and Degree of Turbidity
Generated by Current Dredging
Practice
Contractor or Mode of Conduct
MESL , WES
MESL, WES
























































































































Investigation ot Techniques for
Reducmg Turbidity Associated With
Present Dredging Procedures and
Operations
Assessment of Chemical Flocculants
& FrictionrReduCing Agents for
Application in Dredging & Dredged
Material Disposal
Development Potential ol Dredging
Equipment to reduce turbidity
AnalySis of Functional Capabilities
and Performance at Silt Curtains
Research Results Applications
Information Dissemination and
Technology Transfer System for the





Contractor or Mode of Conduct
Contract




Mobility and Environmental Systems Laboratory.
National Oceanic and Atmospheric Administration
Cold Regions Research and Engineering laboratory, U 8 Army
Spits and Pavements Laboratory















































Monitoring: D O.E &
Termarex Ltd
Queen's University.





Purpose Est. Cost Scheduled Completion Date
The purpose at this proiect is
to study the behaVIour of
contaminants in an artiliCial
island. The study is expected
to indicate appropriate
operating procedures for
filling such an island,







leaving the island With the
outflow of water through dikes
of different cross section,
through atmospheric release,
and to test various methods
of controlling these
releases.
To study methods 01 retaining
mercury polluted dredged
material inSide earth dikes usmg
dike covering layers of various
naturally occurring materials,
This laboratory study is
carried out to obtain a
correlation between laboratory
experiments and the full scale
study of the Pilot Island for
the disposal of contaminated
dredgings.





















































R.L. Walker and Partners
B Cook (Contract
liaison by takes Research
Div., CCIW)
8, Cook (Contract









The purpose of this study 15 to
to assess the resuspensmn of
bottom sediments by ships in
order to compare the pollution
caused by dredging with the
pollution caused by naVigation.
Full scale tests involvmg
comparisons between a
working dredge and Great
lakes shipping vessels Will
be carried out to verify the
model test results,
The purpose of this study is
to develop a hydraulic dredge
cutter head assembly which WI”
reduce the quantity of fine
bottom sediments resuspended
but not entering the suction
mouth.
The newly developed ‘Pneuma
system has not yet been
introduced into North America
A preliminary assessment has
been carried out,
Quantitative evaluation of the
effectiveness with respect to
pollution control of a
shrouded clamshell bucket
The purpose ot this pi‘oyect is
to prowde a Simple test
procedure to biologically
characterize dredged materials
The proiect WI“ determine
selectiwty and toxicny
responses l0r live chosen
benthic speCies.
The purpose of this proyect is
to establish goidelines to
faCIlitate evaluation of speCific
dredging, transport and disposal
programs on a cori5isterit basis
and to tacilitate determination
of the combined dredging/
transport/disposal practice
least likely to contribute to
the deterioration of water
quality under specific
conditions.
X.R,F analyses of Great Lakes
bottom sediment samples, to show
the regional distribution of
major and trace elements and
nutrients; and to provide data
for factor ana|y5is and
correlation of variables.
Calibration of X,R,F faCiIity,
at CC!W, tor online analyses of




to be made in sediment flumes,
and to be related to sediments
taken from channel areas of the
ErierOntario basm; to allow
speCIfic channel bed hydraulic
characteristics to be assessed.
Model tests on the disper5ion ol
dumped materials in deep,
midAIake enwronments and the
Significance ol stratification







































































present time, Great lakes data
is almost completely absent and
no theoretical analysis is
available as a viable
alternative to assess this
problem
















columns approximately 1 m Phase ll
diameter by 4 5 m high, Approx.
and to conduct materials $150,0007
testing to ensure a 200‘000
contaminantefree system.
Phase ll to construct and test
a bank at SIX or eight simulator
colunins‘ half to be used for
Interface and exchange studies
Simulating organic and
inorganic sediment water exchange
processes as observed under
lacustrine conditions and half
to observe and study biotic
processes under controlled
lighting and thermal structure
regimes and in relation to
sedimentrwater systems
$ 55000 March 19/4 (Cost and
completion may change‘
subiect to weather and
dredging schedule)
To assess the effect of
selected dredging and dumping
actIVIties on a BEFORE. DURING,
and AFTER basis Studies have
been deSigned to look at the
phySical and hydrographic
aspects of the Sites, the
geochemistry and engineering
properties of the sediments, and
the related benthic communities
ln addition‘ speCIal studies
have been made to look at the
possmilities of exchange
which may take place in
sediment plumes related to both
dredging and dumping actiwties.
A preliminary assessment of
repopulation of benthic forms
is also included.
To synthesize and interpret all $ 15.000 Final deadline not fixed
available sediment data. from
the Great Lakes region to
indicate the Significance of
sediments from dredging Sites
as a pollutant. to show the
potential background levels of
various nutrient and trace
element compositions, and to
indicate the senSitiVity of the
sedimentary enwronment to
all forms of dredging and
dumping actiVities To
assess all available sediment
data (phySical, geochemical
engineering and stratigraphic)
from the Great lakes region
as it relates to the problem
of all the various forms of
dredging and dumping actIVIties
By means of controlled $ 4000 March 19/11
greenhouse experiments to make
a preliminary assessment of the
ability to develop desuable
textural conditions. the
ability to support plant growth‘
and the relative uptake (plant)
and re5idue (in s0il) of various







































H G, Acres 7 Ontario
(Contract Liaison Lakes
Research DIVI5ion 7 CClW)




in coniunction With Lakes












and the compartmentalization of
such tor polluted sediment
materials taken from selected
dredged sites in the lower
Great Lakes in 1973
To study the solubility and
stability of metal complexes in
dredged sediments under
different conditions. and in
particular the posSIbility of





modified in response to
poor weather conditions
late in 1974 cost
likely to increase to
20 k
nutrients (or tox1cs) by the
leaching action of rainwater or
groundwater percolation
and return to the lakes Special
attention is being given to
both laboratory and ‘in Situ‘
field LySImeter studies.
To complete ongomg studies (Task & December 1973
on metal tulvate complexes portion)
in relation to natural and approx.
artitICIal chelation actiVIty 7 $ 10.000
obtaining thermodynamic data
on meta|7tulwc acid chelation
reactions.
To examine methodsof treating $ 3.000 January 1974
contaminated bottom sediments
and to prepare an outline
deSIgn to study and identity and
develop processes with high
potential. related to
mechanical inver5ion. pelletizing
or chemical stabilization. and
bottom sealing,
To complete an overVIew of $ 38.500 August 1972
the problems and success of
removrng and decontaminating
bottom sediments and to consider
such in relation to dredging
and dumping practices in the
Great Lakes.
To assess the background $ 2,500 March 1974
influences which might affect
the character and effectiveness
of the DPW pilot island protect,
With particular emphasis on
prowsion of background data
relating to Site selection; but
also in relation to adVIce on
dredging locality and
assessment of initial materials
behaVIour as deduced from
cores and LySImeter studies.
To characterize the plume of $ 1.500 February/March 1974
dumped material. at an offshore
lake disposal Site. To assess
the general phy5ica|
characteristics and to prowde
a ba5is for comparison With
theoretical studies completed
at CCIW.
To complete a field survey $ 5000 Fall 19/4
and selective sampling program (approx.)
to assess the effects of dredging.
dumping and disposal at some
period of time Significantly
after the actiVIties were
originally complete (Six
months to ten years or more).
To further investigate the Not yet Part completed by Fall
natural processes of sediment costed. 1974. full report to
transport. accumulation and be aVialable mid41975.































01 Agriculture. Mc Master
UniverSity & Guelph
UniverSity






(H G. Acres, Ontario)
Purpose
to assess the interrelationships
between dredging activtties
south of the point. and
shorellne erOSion To look at
the immediate Vicmity ot the
dredge to assess the term of
bottom topography subsequent
to dredging. the term and
general composition of the
plume, and to establish the
malor impact on the
benthic community
To look at the potential use
0t dredged sediments as a SOII
additive or as an agricultural
SOII. SpeCIal attention being
paid to the late 0t various
contaminants Selected sites
are generally of a polluted
nature and include Port Stanleyi
Hamilton Harbour. Lake St. Clair
and Humber bay
To establish, under controlled
conditions the nature and
occurrence Of VENOUS water
sediment, bioturbation, and
selected biological processes 7
typical of those which might
be found to occur in the
dumping of dredged sp0ils.
Particular reference being paid
to those more to><ic compounds
Proiect reduced in scope to
study nutrient release and
DO response because of
limited resources
To complete the CClW
contributions to the Canada/US
IJC Report on Dredging and






$ 9 , 000
approx
Scheduled Completion Date
Part completed April 19/4
(M. Sc theSIs)_ further
work to be reported
lall 1974
Preliminary analyses






























bibliography has been divided into ten separate classifications according to that area of
interest within the context of this report where the reference would be of most value. Within each
classification a code number has been assigned for reference purposes, the first two numbers
corresponding
to the year of publication
or release. Thus
in each
category the most recent
publications appear first.
The listing is not intended to be complete but rather to form a body of literature that covers
the major areas relevant to this report. Extensive references to specific specialist areas are
contained in some of the items cited.
D — Various techniques and equipment used for dredging
T — Methods of treating, transporting and disposal of dredgings
L — Physical behaviour of large bodies of water relevant to determining current and
mixing patterns in the Great Lakes
B — Chemical and biological behaviour of large bodies of water relevant to the Great
Lakes situation
8 — Description of sediments including biological and chemical characteristics and
mass transfer across the sediment water interface
I — Determination of physical, chemical and biological impacts
E — Determination of socio-economic impacts
H — Specific project histories where follow—up work has continued through project
implementation
R — Legislation and regulations

































































Practices on the Great Lakes
Future Dredging and
Quantities in the Great Lakes
Dredging and Water Quality
Problems in the Great Lakes
(Summary Report. References 26
— Vol, 1) (Bibliography, Vol,
9, Dredging and Spell Removal -
Reference 49; Alternative Means
of Disposal 7 Reference 78)
Posmoning Systems for Inland
Waters: A study at Available
Posnion Location Methods With
Recommendations on the
Acquismon of Equipment for
the Survey Vessels 01 the
Canada Centre for Inland
Waters, Burlington, Ontario
Effectiveness of a Hopper Dredge
as an Aerator and Classifier of
Sediments
Model Testing of a Dredge Pump
Gas Removal System
Development and Future of
Dredging




Terra et Aqua (International





into the Optimum Use of
Suction—Cutter Dredges)
Cost/Output Ratio of a Trailing
Suction Hopper Dredger
New Developments in Integrated
Processing Systems on Sand and
Gravel Dredgers




Systems Engineering and Dredging
— the Feedback Problem
Automated Cutter Suction Dredge










































State Univ. of NY,
College at Buffalo











Wored Dredging and Marine
Construction
Proc. 5th Wodcon World




























































































(Dredgers » Grab Operation
Without Horizontal Movement)
Concepts in Loading Hopper
Dredges Defined
A New DeSIgn of a Gravel Dredger
Benthic Dredge Construction













Concepts In Dredge Automation
Experimentelle Untersuchungen
Ueber die Vorgaenge Beim Loesen
vori Boden am Scheidkopl Eines
Sangbaggers (Experimental
Investigations of the Processes
at the Cutting Head of a
Suction Dredge During the
Loosening of SOII)
Bright Future for Selflote
Dredging Pipelines and Pumps
Dredging Methods for DeepAOcean
Mineral Recovery
The Effects of Solids on
Centrifugal Pump Characteristics
The DeSIgn and Construction ol
an Underwater Dredge
Numerical Dredging
Performance of an Improved
Accumulator for Gas Removal
Underwater Dredge (O S & E.)
Dredge Performance and Costs
with Improved Hydraulic







































Source Vol. No. Pages
World Dredging and 9 3 13-717
Marine Construction
Ports and Dredging. 79 4»12
I,H C . Holland
OllICIal Gazette of 915 1 38 p
the U 8 Patent
Oﬂice (No 3. 762, 0/8)
World Dredging and 8 4 21722
Marine Construction
World Dredging and 8 4 23729
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World Dredging and 8 13 5460
Marine Construction
Presented at 11th Annual 2477277
Canadian Hydrographic
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World Dredging and 8 11 4142
Marine Construction
World Dredging and 8 10 2472/
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BaurTechnik
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Engineering (London) 211 9 1061
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ASCE Journal Waterways 97 WW2 3857398
Harbors and Coastal
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Advances in Solid LIQUId 2717278
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of a Jet Pump on the Suction of
a Twenty—two Inch Hydraulic
Dredge
Optimum Utilization of Cutter
Dredges
Effect of Air Content on







GraVIty Flow to the Suction
Dredger in Sand Pits
A Nuclear Powered Dredge for
the 705
Suction Booster Pump of Pumping
Dredger
Characteristics of the Jet‘Pump
with Liquids of Different
Density
Sedimentation Effects of Son in
Hopper
Planned by US. Bureau of Mines:
Facility for Studying Offshore
Mining Methods
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The Influence of the Conditions
of Spil on the Dredging Output
Hydraulic Model Investigations
in Dredging Practice
Schottel Units for the
Propulsion and Manoeuvring of
Dredging Material and the
Dynamic Posmoning of Offshore
Equipment
The Use of Tracers to Determine
Infill Ratio in Proiected
Dredged Channels
Special 48—inch Dredge for
All—purpose Large Dredging
Proiects
A History of Dredging
The Economics of Dredging
Research Needs of Dredging
Industry
Deep Ocean Mineral Recovery
Slurry Flow Measurements Usmg
Magnetic Flowmeters
A Model NaVigator Based on Laser








Dredging and Sultation — Cause
and Effect
Decca Activities In Coastal and
Offshore Work
Flow Visualization Techniques














J . B. Herbich





















Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
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Estates, Calif.
Proc. 3rd Wodcon World
Dredging Conf., Rotterdam.
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Estates, Calif.
Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.




London. 18 Oct. 1967.
Proc. 2nd Wodcon World
Dredging Cont, Rotterdam,
Oct. 1968, Palos Verdes
Estates. Calif
Institution of Civil Eng.
Dredging Symp., London.
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Institution of CiVil Eng.
Dredging Symp., London.
18 Oct. 1967
Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
Oct. 1968. Palos Verdes
Estates, Calif.
Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
Oct. 1968, Palos Verdes
Estates, Calif.
Proc. 2nd Wodcon World
Dredging Conf, Rotterdam,
Oct. 1968. Palos Verdes
Estates, Calil
Proc. 2nd Wodcon World
Dredging Conf.. Rotterdam.
Oct. 1968. Palos Verdes
Estates, Calif.
ASCE Journal of the
Waterways and Harbors
DiVi5ion
Proc. 2nd Wodcon World
Dredging Cont, Rotterdam.
Oct. 1968. Palos Verdes
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Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
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Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
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Estates. Calif.
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Dredging Symo, London
18 Oct , 1967.
Proc. 2nd Wodcon World
Dredging Conf., Rotterdam,
Oct. 1968. Palos Verdes
Estates, Calll.
Proc. 2nd Wodcon World
Dredging Conf., Rotterdam



























































An Examination of the Problems
Associated With the
Transportation of Sanerater—
Mixtures in Pipelines and
Centrifugal Pumps
Comparison Tests of Plain and
Rifled Dredge Discharge Pipe
Use 01 Tracers in Coastal
Engineering
Cubic Autotape Electronic
Positioning Equipment in Cook
Inlet. Alaska
Dredging Fundamentals
Use ol Dredges lor Underwater
Storage and Blending System
Reclamation Dredging
Experimental Use of Selle
Unloading Hopper Dredge for
Rehabilitation 01 an Ocean Beach
Ocean Mining — A Potential
Major New Industry
Offshore Dredging for Beach
Nourishment A Challenge of the
Future
Two—Stage Dredging Method Allows
Continuous Operation
Flow Measurement Techniques lor
Hydraulic Dredges
An Optimal Plan of Organizing
Fleet of Dredges
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Proc lst Wodcon World
Dredging Conl , New York,
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Verdes Estates, Calif
Proc lst Wodcon World
Dredging Conf , New York
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WW3
Proc, lst Wodcon World
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Dredging Conl., New York
May 6—8, 1967 Palos
Verdes Estates, Calil.
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Proc. lst Wodcon World
Dredging Conl., New York
May 678. 1967. Palos
Verdes Estates, Calil
Construction Methods and 47 3
Equment




Japan Soc. of Civil Eng. 125
Transactions
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Maintain the Great lakes?






Dredge Spoil at Sea
Mathematical and PhySical Model
for the Drying Process in
Dredging Disposal
Literature Revrew on Research
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Dredged Maternal Disposal
Criteria
Corps of Engineers Dredged
Material Research Program
Practices and Problems in the
Confinement ol Dredged Material
in Corps of Engineers Proiects
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Construction Maternal Needs





Present Status of Spoil
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Effluent via Ion Exchange
Mercury in the Enwronment
Water — 1970
Utilization of the Pusher Barge
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Proiects


















Advances in Solidrliqwd 211—219
Flow in Pipes and Its
Application 7 Edited by
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U S Dept of Interior.
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Shore Erosmn Studies Along the
Ohio Shore of Lake Erie
Annotated Bibliography of Lake
Ontario, Limnological and
Related Studies, Vol 3 —
Physrcal
Proiect HYPO — An lntenswe
Study of the Lake Erie Central
Basm Hypolimnion and Related
Surface Water Phenomena
The St. Lawrence Great Lakes
Littoral Transport in the Great
Lakes
Geology of the Great Lakes
Methods for Measurement of
Dispersion in Coastal Waters
(Goteburg, Sweden)
Particulate Transport in Coastal
Waters and Effects on Water
Quality
Numerical Modelling of Pollutant
Transport and DisperSIon in Bays
and Estuaries
Storage and Cycling 01
Pollutants in Water Bodies
Mechanisms of Trace Metal
Transport in Rivers
Restoration of the Lakes
Sioarna Trummen, Vaxiosion Och
Sodra Bergundusion Ur de
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and the southern sea of
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A Treatise on Limnology
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Canada, and
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Limnology in North
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Coastal Engineering,
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Changes in the Fish Species
Composition of the Great Lakes
A Summary and Comparison of
Nutrients and Related Water
Quality in Lakes Erie. Ontario
Huron and Superior
Annotated Bibliography of
Limnological and Related Studies
Concerning Erie and lnlluent
Tributaries
Chemical and Sediment Movement
from Agricultural Land into Lake
Erie
Influencmg the Interchange of
of Soluble Orthophosphate
Between Sediments and Overlying
Waters in Green Bay
Elemental Pollutant Distribution
in Lake Erie and Lake Ontario
Ecosystems
Nitrogen Fixation by
Phytoplankton in Green Bay.
Lake Michigan, in Relation to
Nutrient Concentrations
Investigation of the Heavy
Metallic Pollutants in the
Great Lakes Ecosystem
Annotated Bibliography of
Lake Ontario Limnological and
Related Studies, Vol, II—
Biology
Great Lakes Water Quality
Monitoring Strategy
Aqueous Environmental
Chemistry of Copper and Other
Heavy Metals in Torch Lake and
Selected Waters of the
Keweenaw Peninsula Area 01
Lake Superior
A Study of the Potential
Effects of the Discharge of
Taconite Tailings on Water
Quality in Lake Superior
Annotated Bibliography of Lake
Ontario Limnological and
Related Studies A Vol. 1 —
Chemistry
A Statistical Examination of
Great Lakes Chemical Monitor
Data at Canada Centre for
Inland Waters
Mercury in the Lake Michigan
Environment
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Nutrients in lake Superior
Factors in Ecologic
Successmn in Oligotrophic
Fish Communities 01 the
Laurentian Great Lakes
Nutrients in Lake Huron
Water The Ecologic Impact of
the Interactions Among MICI'O'
organisms and Aquatic
Contaminants in Lake Erie.
Phase III. Parts 5. 6. I
Pollution of Lake Erie. Lake
Ontario and The International
Section 01 the St Lawrence
River
Changes in the Bottom Fauna 01
Western lake Erie Irorn 1930 to
1961
Lakes — The Vital Water Resource
in Canada
Indicator SpeCIes vs the Concept
of Community Structure as an
Index of Pollution
Exchange 01 Elements at the
Water—Sediment Interface
Limnology in Canada
A Test 01 the HypotheSIs That
Abiotic Phosphate Complexing
Influences Phosphorus Kinetics
in Epilimnetic Lake Water
Characteristics and Comparative
Magnitude oI Non‘Point Sources
Nutrient Exchange in Waterr
Sediment Interface and Its
Effect on Water Quality
Apply Sediment—Water Nutrient
Exchange Methods to Shagawa
Lake Sediments and to Sediments
01 Other Lakes Destined tor
Restoration
The Algal Bowl, Lakes and Man
Palaeoecological Interpretation
of Cultural Eutrophication
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An Inexpensive Sampler for
Studying the Michobiology of
River Mud
AnalySis of Periphytic Diatom
Population Structure as a Means
of Monitoring Marine Water
Quality
Toward StatevSpace Models for
Biological Populations
An Analy5is of Factors Governing
ProductiVity in Lakes and
Reserv0irs
Mixing Zone Concepts
The Distribution of Trace
Metals and Fauna in the Firth
of Clyde in Relation to the





Feasibility of Restoration of
Mercury Contaminated Bodies
of Water
Role of Phosphorus in
Eutrophication and Diffuse
Source Control
A Note on Iron 7 Organic
Relationship in Natural Waters
The Bottom Fauna in an Oil
Contaminated Lake
Effects of Eutrophication on
Salmonid Communities in
Oliogotrophic Lakes










Methyl Mercury in Fish
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Fisheries Research
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and Technology
Proc. 8th Int. Symp. 1
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Acid With Suspended and Bottom
Material
Methods for the Study 01
Marine Benthos
Mercury in the Enwronment.
SurtiCial Materials of the
Conterminous United States







A Manual on Methods for
Measuring Primary Production
in Aquatic Erwironments
Controls on Mn, Fe, Co, NI,
Cu and Zn Concentrations in
Scils and Water. The
Significant Role of Hydrous
Mn and Fe OdeeS
Effects of Pollutants on Marine
Organisms, Improvmg
Methodology of Evaluation 7
A Rewew ot the Literature
lnlluence ot Suspended Solids
on the Acute Toxsmty of
Endrin to Fathead Minnows
A Treatise on Limnology.
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Cultural Impact of Sediments
in Lakes Ontario. Erie and
Huron
Sedimentation Rates and Recent
Sediment History 01 Lakes
Ontario, Erie and Huron
The Distribution and Transport
of Mercury in the Sediments
of the Laurential Great Lakes
System
Transter of Heavy Metal
Pollutants trom Lake Erie
Bottom Sediments to the
Overlying Water
Mercury Distribution in




of Southern Lake Michigan
Distribution and Levels ot
Lead and Arsenic in Grand
Traverse Bay. Lake Michigan
Bottom Sediments
Lake Erie Nearshore
Sediments A Mohawk Peint to
Port Burwell, Ontario
Mercury Concentrations in
Chironomid Larvae and Sediments
from Sandusky Bay of Lake
Erie: EVIdence 01
Seasonal Cycling 01 Mercury
The Interstitial Water
Composmon in the Sediments
ot the Great Lakes
I. Western Lake Ontario
Analyses of Phosphorus in
Lake Ontario Sediment
Release of AmmoniumvN
from Sediments to Waters
Changes in C, N. P and S in
the Last 140 Years in Three
Cores from Lakes Ontario.
Erie and Huron
Author
A L W Kemp
et a/
A L W Kemp
et aI
R.L Thomas
L J. Walters. Jr
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Research. Madison. Univ.
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Sediments of Lake Ontario
The Distribution of Mercury in
the Sediments of Lake Ontario
The Distribution of Mercury






Effect 01 Sediment Diagene5is
and Regeneration oi Phosphorus
With SpeCial Reference to
Lakes Erie and Ontario
Strontiumr90 and Cesium~137 in
Water and Deep Sediments of
the Great Lakes
Report on the Occurrence and
Distribution oi Mercury in the
Sediment of Lake St. Clair
Adsorption oi Chlorinated
Hydrocarbon Pesticides by
Microbial Floc and Lake




Their Dispersal Patterns and
Economic Potential
Report on the Composition ol
Sediments Taken From Three




The Distribution and Abundance
ot Benthic Fauna in Saginaw
Bay. Lake Huron
Characteristics oi the
Sediment Load in the
St. Clair River





































for Great Lakes Research.
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of Wisconsm ‘ Madison.
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Journal ol Sedimentary 42 1
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lor Great Lakes Research
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Research. Madison. Univ
01 Wisconsin 7 Madison.
Apr, 57/. 1972
198—213
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International Assoc 2V 6117618
for Great lakes Research.
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Lakes Researcy. Buffalo.
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for Great Lakes Research.
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Lakes Research, Buffalo.
N.Y . State Univ.






tor Great Lakes Research.
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tor Great Lakes Research.
12 Cont. on Great Lakes
Research, Univ. of Mich
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International Assoc. 115432
for Great Lakes Research.
10th Conf. on Great Lakes
Research. Toronto. Univ.
ol Toronto. Apr. 1012.
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Kinetics of Mercury Absorption
and Desorption in Sediments
The Phosphorus Status of
Eutrophic Lake Sediments as
Related to Changes in
Limnological Conditions
Total, Inorganic and Organic
Phosphorus
Nitrogen Release from Lake
Sediments
pH Buffering of Pore Water 01
Recent Anoxic Marine Sediments
Bacterial Decomposition
Processes in Lake Wingra
Sediments During Winter
Field Observations on the
Transport of Heavy Metals
in Sediemnts




The Reduction of Copper
Toxicity in a Marine Copepod by
Sediment Extract
Phosphate Retention by Lake
Sediments
Nitrogen Fixation in Lake
Sediments: AContribution
to Nitrogen Budget of
Lake Mendota
A Study of Lead In Lake
Sediments
Sorption of Copper on Lake
Monona Sediments v Effect 01




The Significance of Sediment


































































Journal of the Water 46 2
Pollution Control
Federation
Journal of 3 2
Envtronmental
Quality
Journal of the 45
Water Pollution
Control Federation
Limnology & 18 1
Oceanography
Limnology & 18 4
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Proc. Cont, on Heavy
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Environment,
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Limnology & 18 6
Oceanography
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Solubilization of Lead in Lake
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1970 (Mercury research in
the bottom sediments of
Murrumsans)
Control of Mercury Pollution in
Sediments
Transfer 01 PestICIdes
Through Water, Sediments and
Aquatic Life
Early Diagene5is in a Reducmg
Fjord, Saanich Inlet, British
Columbia. II. Trace Element
Distribution in Interstitial
Water and Sediment
The Importance of Sediment
Studies in Western Lakes
as a Key to Basm Management
Bunker C Oil in Sediments and
Benthic Animals lrom Shallow
Depths in Chedabucto Bay, N S
Dredging of Mercury—Contaminated
Sediments
Examination of Bottom Deposus.
Long Harbour, Newfoundland, for
Elemental Phosphorous and for
Fluorides
Sedimentation (Suspended Solids)
Formation of Methyl Mercury from
Pure Mercuric Sulphide in
Aerobic—Organic Sediemnt
Migration of Major Constituents
from Lake Sediments into Lake
Water and Its Bearing on Lake
Water Composrtion
Relationships of Salmonellae
to Fecal Coliforms in Bottom
Sediments
Water Chemistry of Toxaphene —
Role of Lake Sediments
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Ovre HIIIen Och Sodertahevtken
(Mercury content In the
bottom sedrments from
Mollufryken, Ovre Hlllen and
Sodertsllevrken)
Storage of Heavy Metal Salts
In Bottom Deposrts ot Rivers
and Their Eﬂect on the Blocense
ol Mud
Organic Sorptton lrom Aqueous
Solution by Two Clays
Observatlons on the Vrrus
Blndmg Capacrty of Sludges
An Evaluation of Twelve
Commonly Used Benthotoglcal
Sampling Devxces















































































Cultural Impact on Sediments in
Lakes Ontario. Erie and Huron
Dredge Sp0i| Pollution in
Michigan's Lake Superior
Harbours
Evaluation of Procedures for
RemoVing and Decontaminating
Bottom Sediments in the Lower
Great Lakes
Procedures for Determining the
Effects of Dredged Sediments on
BiotaABenthos Viability and
Sediment SelectIVIty Tests
Studies on the Effects of
Dredged Materials lorrn Selected
Great Lakes Harbors on Plankton
and Benthos
Investigation 01 Treatability
and Effect on Biota ol Dredged
Materials from Selected Great
Lakes Harbors
Small—Scale Patterns of Spatial




Data Gathered by Remote
Sensmg
Simulation of Water Quality in
Tarawera River
Dredge Spail Distribution and
Estuarine Effects
Dredging and the Environment:
The Plus Side
Water Quality Impacts of
Sediment Dredging in Large
Lake Systems
Processes Responsible for Water
Quality Changes During Pipe
Dredging in Marine Enwronments
Ecology, Economics, Dredging r
A Balancmg Point for
Navigation
Underwater Observations on
Tracks of Dredges and Trawls
and Some Effects ol Dredging on
a Scallop Ground
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Materials Inc, — Dredging of
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Harbor, Connecticut
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Some Methods tor Restoration
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Environmental Aspects ol H L Windom
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The Development of Lake Trummen
As An EnVIronmenlal Problem
The Santa Barbara OIl Spfll
— Part 2 r lnItIaI Effects on
lntertldal and Kelp Bed
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A Study 01 the Effects of a
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Transfer of RadIo—actlve
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U.S. Senate Heanngs on the
Effects ol Mercury on Man and
the EnVIronment
An Assessment of the
ASSImIIatIon of Elemental
Phosphorous by Newfoundland
MarIne Organfsms In the 1969
PollutIon Problem and In 1970
MonItorIng Operatlons
Phosphorus, NItrogen and Algae
In Lake WashIngton After
DIverSIon of Sewage
PerSIstent PestICIdes In the
EnvIronment
Release of Methyl Mercury from
Sedlments WIth Layers Contammg
Inorganlc Mercury at Dltferent
Depths
Aspects on the TOXICIty ot
Cadmlum and Its Components
Inland Lake Dredgmg Evaluatron
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Impacts from the industrial
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Annual Statistical Rewew oi
Canadian Fisheries 1956—1971
Fisheries and Forestry Annual
Report tor 1969~7O
Fisheries Statistics ol Canada,
Canada Summary, 1971
Fisheries Statistics: Ontario,
Prairie Provmce and Northwest
Territories — 1971
Shipping Report 1971, Part |
and ll: International
Seaborne Shipping
Shipping Report 1971. Part III:
CoastWIse Shipping
Traffic Report of the
St. Lawrence Seaway, 1971
lnterdepartment Task Force on
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The Seaway in Canada‘s D.W. Carr
Transportation ~ An Economic and Assoc.
AnalySIs
Economic Atlas ol Ontario W,B. Dean
A Summary 01 a Study oi




Source Vol. No. Page/s Date
Fourth Seacoast
Publishing Co Inc

















































Univ. of Toronto 1969
Press, Toronto


























Effects 01 Settling Time on
Quality 01 Supernatant lrom
Upland Dredge Disposal
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Protection of the New York
Harbour
Dye and Drogue Studies 01 SPOII
Disposal and Oil Disper5ion
Experimental Dredging to
Convert Lake Bottom from
Abiotic Muck to Productive Sand
Dead and Dying Lakes and Rescued
by a Dredge With Chopper
Planktonic Changes Followmg
the Restoration of Lake
Trummen. Sweden
Houstonhannel, Galveston Bay.
Texas: Report 1 r Hydraulic
and Salinity Verification
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Heavy Metals in River Deltas
with SpeCIal References to the
Rivers Rhine and Ems
Envuronmental Aspects of
Jacksonville Harbour Protect
The Distribution of Mercury.
Lead. Zinc. Copper and Cadmium
in Long Island Sound Before
and Alter Dumping of Dredged
Wastes
First Annual Report of Protect
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The Effect of Dumping Dredged
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a Disposal Site in Long Island
Sound
Effects ol Hopper Dredging and
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Water Quality Changes in an
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International Working Group on the
Abatement and Control of Pollution
From Dredging Activities,
Department of Public Works,
Sir Charles Tupper Building,
Ottawa, Ontario K1A 0M2
Dear Mr. Hurst:
The Great Lakes Water Quality Board shares your concern for
the possible water quality problems that may result throughthe dredging
and disposal of phosphorus-laden sediments from harbours in the Great
Lakes.
We understand that you have two basic concerns with respect to
dredging operations. Firstly, should consideration be given to the
establishment of "mixing zones" in connection with these operations?
Secondly, what effect does dredging and disposal have on the availability
of the phosphorus contained in the dredged sediment as a nutrient?
 
It is recognized that there may be a temporary violation of
water quality objectives at dredging and disposal sites. This is an
unavoidable situation very similar to the mixing zones being established
at municipal and industrial point source discharges. Guidelines are
being developed for the designation of these mixing zones but final
determination of the extent and location of specific mixing zones is,
under the terms of the Water Quality Agreement, left to the jurisdictions.
Proposed dredging operations should be assessed by appropriate regulatory
agencies to ensure that environmental damage is kept to a minimum,
recognizing that short-term violations of water quality objectives may
occur. The selection of a method of dredging and the location of
disposal areas should continue to be determined on a case—by—case basis














































































































When this information becomes available, an assessment will be made as to
the necessity of making changes in Annex 2 of the Water Quality Agreement.
In summary, the Board does not believe that a mixing zone
needs to be designated for the relatively short-term violations of water
quality
objectiveslikely to occur with dredging operations in the same
manner as it is for the longer term problems from municipal or industrial
waste discharges. The availability of phosphorus as a nutrient is under
active investigation and an evaluation of the impact of dredging upon
this availability must await the results of these studies.
Yours truly,
    
g, j 24 (AM




























































































In May 1975 an acoustic survey was made at a lake disposal site in Thunder Bay, Lake
Superior, Ontario. The survey consisted of traverse lines which
intersected at the disposal site
marker buoy. In the accompanying figure, side-scan sonar records illustrate the lake bed and
overlying water column conditions in areas adjacent to the marker buoy.
Record A illustrates an area where dumping has occurred, but not during the last 12-18
months.
In this record the water column, overlying the lake bed sediment, is essentially clear
(acoustically). The lake bed is generally flat although a slight irregularity with relief of a few
centimeters can be made out in part of the record. Evidence of the presence of old dumped
materials can be seen in the darker, patchy nature of some of the bottom sediments.
In Record B the water column is seen to contain numerous acoustic reflectors, typical
of dense fish populations; and, additionally, the darker patches (and lighter shadow areas) imply
evidence of more recently dumped materials on the lake bed. Dumping at this location has
occurred within the last 12 months.
Both traverses A and B cover adjacent parts of an open-lake location. Wave action was
minimal at the time or recording and circulation was of low intensity. The dumping has occurred
in about 30 m of water (see scaling) and reworking of dumped materials as a result of wave
turbulence may be considered negligible.
it may be implied, therefore, that the release of nutrients contained within the dumped
materials has contributed to a locally high biological production which, in turn, has attracted a
large population of fish. Adjacent lake bed areas where dumped materials are somewhat older no
longer appear to be releasing extensive quantities of nutrients. Hence a sharp distinction may be
seen between the adjacent areas (A and B), dependent upon their nutrient release to the overlying
waters. It is most unlikely that such a sharp differentiation between recent and older dump
locations would be seen if mixing conditions were effective in the horizontal component.
These examples highlight the fact that nutrient release from dumped materials may
continue for some time after their emplacement and that potentially beneficial results may be
effected, particularly in nutrient poor locations.
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in the life of plants and animals.
the uptake and retention of environmental
substances by an organism from its
environment, as opposed to uptake of food;
bio—accumulation.
the uptake and retention of substances by
one organism feeding upon other organisms
which have accumulated environmental
substances.


















the flora and fauna of a region.
a positively charged particle or ion which
tends to be deposited on the cathode or
negative pole.
very small particles which tend to remain
suspended and dispersed in liquids.
the effect of the earth’s rotation whereby
freely moving air and water masses are
deflected to the right in the northern
hemisphere, and the left in the southern
hemisphere.
a sub—family of the genus salmonidea;
within the Great Lakes Basin indigenous
species include Whitefish, ciscoes and
lake herring.
that branch of biology dealing with living
organisms.’ habits, modes of life, and
relations to their surroundings.
a complex of ecological communities and
their environment forming a functional
whole in nature.
the surface waters in a thermally
stratified body of water; these waters are
characteristically well mixed.
abundant in nutrients, and having high
rates of productivity, frequently resulting
in oxygen depletion below the surface
layer.
the process by which suspended colloidal
or very fine particles are assembled
into larger masses or floccules which
eventually settle out of suspension.
that branch of the science of chemistry
which deals with the chemical composition
of, and the past and present chemical
changes in, the earth.
the region of a body of water that extends
from below the thermocline to the bottom
of the lake and thus removed from such
of the surface influence.
water occupying intervening space or
crevices between soil particles, but not
forming part of the sorption complex.
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mixtures of elements, each consisting of
























or its parts; the forms taken by rock,
land, terrain, etc.
the forms of free swimming organic life
found at various depths of the oceans, and
in lakes, taken collectively.
having a small supply of nutrients and thus
supporting little organic production, and
seldom, if ever, experiencing oxygen
depletion.
denoting the negative logarithm of the
hydrogen—ion concentration in grams per
litre, of a solution, used in expressing
relative acidity and alkalinity. An H+
concentration of 10 grams per litre,
pH = 7 is usually regarded as neutral.
Decreasing acidity means decreasing
hydrogen—ion concentration, or a rise















carbon assimilation, requiring presence of
chloroplasts and light, by synthesis of
carbohydrates from carbon dixoxide and
water.
plants, usually microscopic, floating in
aquatic systems such as rivers, ponds,
lakes and seas.
a measure of the state of oxidation of a
reversible oxidation-reduction system.
a sub—family of the genus salmonidea;
within the Great Lakes Basin indigenous
species include Atlantic salmon, brook
and lake trout.
in sedimentation, said of the movement of
particles by bouncing along the bed and
thus transitional between bed load and
suspended load movement.
a device used to measure the transparency
of water which depends upon the amount
of suspended matter and dissolved
light—absorbing substances. The disc is
circular, usually from 43 to 237 cm. in
diameter and either all white or white
and black quandrants. The disc is
lowered into the water and depth at
which is disappears from sight is observed.
free oscillations of a fluid in an enclosed
or semi-enclosed basin, initiated by an
external force (wind, barometric pressure
fluctuations, floods, eartquakes) and
providing the disturbing force is not
sustained.
statistical measure of asymetry about the
point of central tendency in the graph
of frequency distribution.
 
having the capacity for cooperative action
of discrete agencies so that the total
effect is greater than the sum of the
effects taken independently.
the phenomenon occurring when a body of
water becomes divided into
distinguishable density layers, caused
by differences in temperature.
a layer in a thermally stratified body of l
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